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... it’s worth 
engineered wire 


An ever-increasing number of insula- 
tions for an ever-increasing number 
of electrical and electronic products 
puts growing emphasis on specialized 
wires engineered for the job. Your 
engineered product merits Belden 
wire engineering service. 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire * Lead and Fixture Wire * Power Supply Cords, Cord Sets and Portable Cord ¢ Aircraft Wires 
Welding Cable ¢ Electrical Household Cords © Electronic Wires * Automotive Wire and Cable 
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\ The diagram shows in section 


the New Departure Sentri-Seal. 
Lip-contacting surfaces are form- 
ground simultaneously with the 
ball race, giving an extremely 
high degree of concentricity 


between sealing surfaces and 


the raceway. 












on guard 


against dirt and wear! 
| 





The unique design of the Sentri-Seal gives optimum pro- 
tection against dirt, and includes a number of other 
major advantages. 

Sentri-Seals can be removed, easily replaced. As the seal 
is of synthetic rubber in which two metal rings are 
embedded, a constant-rate spring is created between the 
rings. Inherent flexibility prevents distortion of the bear- 
ing outer ring due to seal insertion, permitting the use of 
bearings to the higher accuracy specifications. The spring 
action maintains an efficient sealing contact with the 
bearing ring to bar dirt and retain lubricant. Sentri-Seals 
are relatively inert to oils and greases and operate satis- 
factorily through a temperature range of — 40°F. to 225°F. 
Specifications available for still higher temperatures. In 
applications where relubrication is desired, it is easily 
accomplished by the injection method. 





ONE SENTRI-SEAL SEAL AND SHIELD SEAL AND SNAP RING TWO SEALS AND SNAP RING SEAL, SHIELD AND SNAP RING 


SEE “WIDE WIDE WORLD” SUNDAYS—NBC-TV 


Sentri-Seal is available for a range of sizes in single-row, standard-width 
bearings and also in two types of New Departure adapter bearings. Sizes, 
dimensions and capacities are listed in the latest New Departure catalog. 


Write for full details on Sentri-Seal 
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Fairbanks-Morse Printomatics use BODINE MOTORS 
because .../“THEY ARE COMPACT, 
WITHSTAND YEARS OF HARD USAGE”’ 





Bodine Type NSI!I-12R reducer motor 


This Bodine motor is used in the Fairbanks-Morse Printomatic 
which prints a record of each weighing. The outstanding service 
record set by Bodine motors over the past twenty years—under 
the adverse operating conditions at truck weighing stations, and 
the high-speed weighings in industry—is the reason Bodine 
motors are ‘‘standard” on all Fairbanks-Morse Printomatics. 





Equipped with the Printomatic, this modern Fairbanks-Morse 
Scale combines precision performance with dependable and con- 
venient recording. Printomatic units can be furnished with press 
keys to identify source of material, dates, quantities, payment, 
and other desired information at the time of weighing. 





Here’s an inside view of the Fairbanks-Morse Printomatic showing 
how the compact Bodine motor is positioned. This 1/70 HP, 
1725 rpm reducer motor with a gear ratio of 72:1 actuates the 
selector fingers, which set type segments in the correct sequence, 
and then prints the indicated weight. This Bodine motor is often 
called upon to print weighings at rates up to 300 and 400 an hour. 


Mr. H. M. Goodchild, 

chief engineer, 

Fairbanks, Morse & Co., 

St. Johnsbury Works, gives the 
reasons they hove standardized 
on Bodine Motors for all 

of their Printomatics . . . 





"For over twenty years, Bodine 
Motors have been standard on all 
Fairbanks-—Morse Printomatics. This 
precision equipment calls for a 
motor of small size that will stand 
up during years of hard usage 

under adverse conditions. Often 
operated thousands of times a day, 
month after month, Bodine motors 
continue to give satisfaction with 
little or no service." 


Be sure your motor is as good as your product. For information con- 
tact Bodine Electric Company, 2256 West Ohio St., Chicago 12, Ill. 
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Bodine manufactures fractional horsepower electric motors for: 


adding machines, letter openers, sanders, vending machines, 
exhaust fans, duplicating machines, hand dryers, portable tools, 
sound recorders, air conditioners, check protectors, 

respirators, voltage regulators, X-ray timers, traffic signal timers, 
stirrers, calculating machines, envelope sealers, and for 

many other applications. 
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Developments in Polyethylene Insulation 108 A. E. Javitz 


'In This issue 


Digital Positioning Control for Precision 
Jig Borer 118 E. Kirkham | WHITHER POLYETHYLENE INSU- 
| LATION? That, succinctly, is what 
| the AIEE Subcommittee on Solid Die- 
lectrics wanted to tell the audience at 
a symposium it was planning for the 
AIEE Winter General Meeting to be 
held in New York, January 21-25, on 
| the general subject of polyethylene 
D-C Motors 132 P. A. Herrmann for wire and cable insulation. For 
much has happened in polyethylene 
since the last previous AIEE sympo- 
High-Temperature Solventless Encapsulating Resins 141 D. W. Lewis | sium in 1950 that needed clarification 
and analysis. Brand-new developments 
| in catalyst chemistry and _ radiation 
Preferred Circuits—II 144 Staff Report | chemistry have greatly widened the 
range of resin types and introduced 
significant improvements in _ proper- 
Signal Pickoffs for Control Systems—II 150 D. A. Davies — (such as flammability and heat 
, distortion) that were previously 
serious limitations to an increasing 
Evaluation of Dip-Soldered Joints 157 E. S. Miller ae of te ele. See aoe 
new companies have entered the field 
A. A. Johns, Jr. and production capacity was being in- 
creased rapidly. In fact, volume-wise, 
polyethylene promises to eventually 
challenge phenolics, styrenes and the 
vinyls as the major plastics materials. 
Application-wise many new potential 
uses are developing in molded parts 
as well as wire and cable insulation. 
Power Supplies 166 V. Wouk For the preparation of this symposium 
paper the AIEE committee turned 
to our Special Features Editor Alex 
|  Javitz as an author “who has a repu- 
tation for objective evaluation ability 
. and who is unbiased and at the 


DEPARTMENTS same time has the background and 


the interest in taking a good objective 
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Beyond the aesthetic satisfaction to be 
derived from this colorful and concen- 
tric composition lies the hard fact of 
complex cable and wire design. For 
such design has been under the same 
pressures as equipment design in terms 
of increasingly severe service and operational conditions. In fact. 
cable and wire design either indirectly affects, or is directly in- 
tegrated into, most equipment design. The elements of physical 
configuration, selection of basic conductor, semiconductor and in- 
sulation materials, and the various associated parameters, including 
costs, are never static. Above all, they react swiftly to new develop- 
ments stemming from basic and applied research, such as the recent 
startling advances in polyethylene chemistry. This is symbolized 
in the cover design by a modular representation of the molecular 
structure of the new linear-type polyethylenes. An actual molecule 
stretches, on the average, some 2000 carbons in length. A special 
staff report on the current state of the art on polyethylene insula- 
tion starts on page 108 and is briefed on the preceding page. A 
bow to E. I. du Pont de Nemours & Company for providing source 
material to help our artist design the cover! 


In This Issue (Continued) 


borer has perhaps contrbuted meas- 
urably to the receptiveness of Pratt 
& Whitney machine tool designers to 
advanced control methods. The Elec- 
trolimit uses an inductive pickoff in 
combination with a bridge circuit for 
locating a table to within 0.0001 in. 
of desired setting. The latest venture 
of P & W engineers into the field of 
complex controls is the design of a 
numerical positioning system for their 
line of jig borers. And they didn’t 
have to abandon the Electrolimit to 
finish the job either. In fact, the new 
numerical control is designed around 
the proven system, which is credited 
for the simplicity and precision of 
the control. One of the fascinating de- 
tails described on page 118 is the 
method of unidirectional measure- 
ment, in which an offset voltage is 
sometimes used to “fool” the control 
as to where its true destination is. 


APPLYING HIGH PERMEABILITY 
LAMINATIONS. Laminations are 
and have been an almost universal 
material-component in electrical ap- 
paratus. Where sensitivity and fidelity 
are required, laminations indeed _ be- 
come critical elements. High perme- 
ability becomes a primary design 


This Month’s Cover 


electrical 


criterion, and 
steels give way to higher cost nickel- 
iron alloys. 

But to realize the high permeabili- 


ordinary 


ties inherent in high-nickel lamina- 
tons places a burden on both the 
lamination supplier and the equip- 
ment designer. The supplier must first 
develop the permeability through his 
final heat treatment; the designer 
must then preserve the permeability 
so developed by proper selection and 
application. Primary factors are out- 
lined by Bill Spring of Magnetics, 
Inc. in a lamination primer that starts 
on page 126. 


MORE ON PREFERRED CIRCUITS. 
With the advent of automatic as- 
sembly and mechanized production 
of electronic equipment, it is more 
and more necessary that, for military 
equipment, steps be taken toward cir- 
cuit standardization. Such  standard- 
ization can provide greater reliability, 
simpler traning and maintenance, and 
more efficient use of design engineer- 
ing time. The National Bureau of 
Standards preferred circuits program 
sponsored by the U.S. Navy Bureau 
of Aeronautics is a step in the right 
direction. Additional examples of 
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Natvar Products 


Varnished cambric—cloth and tape 

















Varnished canvas and duck 
Varnished silk and special rayon 
Varnished—Silicone coated Fiberglas 
Varnished papers—rope and kraft 
Slot cell combinations, Aboglas ® 


Isoglas® sheet, tape, tubing and 
sleeving 


@ Vinyl coated—varnished—lacquered 
tubing and sleeving 

@ Extruded vinyl tubing and tape 

® 


® Styroflex™ flexible polystyrene tape 


@ Extruded identification markers 


Ask for Catalog No. 23 


NATVAR 


One of the taping heads 
of one of Continental's 
modern Watson taping 
machines which controls 
tension and lay. Operators 
like Natvar VC Cable 
Tape because it is easy to 
apply and always the 
same. Complete test re- 
port is furnished with each 
shipment. 
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CABLE TAPE 


INSULATE 


Power Cable 


Continental Wire Corporation, with 
plants at Wallingford, Conn. and York, 
Pa.. manutactures wires, cables, and 
cords—in sizes up to 2,000 mcm, and 
for operation in ambients to 400°F and 
above. They place partic ular emphasis 


on quality and service. 


They believe that quality is the result 
of research and development, good ma- 
terials, modern equipment operated by 
experienced manpower, and relentless 
testing and inspection—and that service 
is based on understanding of custom- 
ers. problems. And so does Natvar, 
which may well be one of the reasons 
they work so well together. 


If you are looking for flexible insulating 
materials with exceptional physical 
and electrical properties, plus prompt. 
competent service, it will pay you to get 
in touch with Natvar. 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 


TELEPHONE 
FULTON 8-8800 


CABLE ADDRESS 
NATVAR: RAHWAY. N. J. 


207 RANDOLPH AVENUE * WOODBRIDGE, NEW JERSEY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


NATVAR CORPORATION fil 
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dependability 


performance 


service 


DANO 
COILS 


“ 
“ 


From the design engineer’s blue- 
print to the mass production of the 
assembly line—Dano Coils build 
Confidence. From the precision coils 
required in electronically operated 


relays, timers, switches and devices to 
most exact specifications of coils for 
high temperature application—Dano 
Coils Build Confidence. 





Encapsulated Coils—in either Polyester or 

Epoxy Resins + Coils for High Temperature 

Applications + Bobbin Coils + Paper Section 
C) 


Coils + Cotton Interweave Coils 


Dano makes specially treated coils 
vacuum impregnated with varnish and 
cured in heat controlled ovens—every 
coil to your exact specifications. Let 
Dano analyze your coil problems. No 
obligation! 


TRANSFORMERS MADE TO ORDER 


n) THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 











In This Issue continued) 


preferred circuits from the Handbook, 
Preferred Circuits, NAVAER 16-1-519 
are presented in the concluding part 
of a staff report which begins on page 
144. Circuits discussed include a pulse 
cathode follower and two phantastron 
delays. 


TIMED ACCELERATION OF D-C 
MOTORS. (Or, the complex get com- 
plexer.) Integrated multi-motor drives 
for continuous operations (for ex- 
ample paper making machinery) and 
complex duty cycles of individual 
machines (as in numerically _ pro- 
grammed machine tools) require not 
only accurate speed control but also 
close regulation of both the time and 
rate of acceleration and deceleration 
in starting, stopping or changing from 
one speed to another. On page 132 
Paul Herrmann of General Electric’s 
Specialty Control Dept. describes 
three widely different timed accelera- 
tion circuits designed for “lineariz- 
ing” the input signals to closed-loop 
servos controlling integral-hp  d-c 
motors. The trick is to get linear 
timing from the exponential charging 
characteristic of conventional resist- 
ance-capacitance timing networks. 


SOLVENTLESS SILICONES. High- 
temperature applications for encap- 
sulating and impregnating — resins 


require compounds that will cure to 
a compact, homogeneous _ structure 
free from voids and cracks. Solvent- 
less resins are desirable since they 
are inherently free of solvent evapora- 
tion and release no volatiles during 
cure, thus creating no voids. And 
solventless silicones are particularly 
desirable since they contribute the 
excellent thermal and dielectric prop- 
erties of the silicone resins. As a 
result of a cooperative project between 
Dow Corning and Westinghouse, such 
solventless silicones have now been 
developed in tailor-made viscosities 
to fit a variety of specific applications. 
{ report by D. W. Lewis. Westing- 
house Research Laboratories, 
on page 141. 


begins 


SIGNAL PICKOFFS. Two of the 
more important types of electrical 
signal pickoffs were reserved for 
treatment in the second part of Don 
Davies’ article appearing in this issue. 
These are the photoelectric and induc- 
tive groups which are extremely vital 





in the automatic control field. As in 
the first part of his review of avail- 
able pickoffs, Mr. Davies discusses 
the operating principles, character- 
istics, advantages and limitations of 
both types. It may be interesting to 
note that much of the pioneering work 
on electrical pickoffs has been done 
by engineers in the phonograph field. 
Their problem is to faithfully repro- 
duce the mechanical vibration of a 
stylus in terms of an electrical wave 
that can be amplified and fed to a 
loudspeaker. The hi-fi fan will prob- 
ably recognize the electric inductive 
types described in this month’s article 
as being blood relatives of the famed 
variable-reluctance cartridge. _Inter- 
estingly enough, even the photoelec- 
tric type was successfully used in 
home phonographs. “Beam-of-light” 
reproduction was a widely advertised 
catch-phrase of one radio-phonograph 
manufacturer just prior to World War 
Il. Turn to page 150. 


ALUMINUM FOIL COILS. Two 
years ago (Feb. 1955) we _ revealed 
some experimental work being carried 
out by Sylvania for the Air Force on 
so-called wafer coils for transformers. 
We made a second pass on the same 
subject two months ago, again relat- 
ing to work sponsored by the Air 
Force (interested in small size and 
light weight) but performed by Amer- 
ican Machine & Foundry. In this issue 
(page 163) is reported independent 
development work done on_ wide 
aluminum foil magnet coils by Jeffer- 
son Electric, apparently without use 
of taxpayers’ money. Technical factors 
have been licked. All that is needed 
now to put these new forms into pro- 
duction is some high production foil 
winders in place of improvised capac- 
itor winders. 


HIGH-VOLTAGE RECTIFIERS. De- 
pending on the application, selenium 
rectifier stacks may show lower first 
cost than high-voltage rectifier tubes 
in higher-voltage d-c power supplies 
For low-current supplies, the elimina- 
tion of high-voltage insulated filament 
transformers and the possibility of 
using air insulation instead of oil adds 
up in favor of “dry” rectifiers. An 
authority in the high-voltage business, 
Dr. Victor Wouk, engineering director 
of Beta Division, Sorensen & Co., 
discusses these factors in an article 
beginning on page 166. Several ex- 
amples of higher-voltage d-c power 


MARCH 1957 ELECTRICAL MANUFACTURING 


. Offices in 


& Manufacturing Co. 
, ee a ; 5 ): Atlanta, Ga. * Boston: 
a :, _— ere | 0, Ill. * Cincinnati, O. * Cleveland, O. © 


: A SUBSIDIARY OF oO . c : in Pa. = Pittsburg, Pe. St, Lula, M 
MINNESOTA MINING AND ° 7 > : 
_ MANUFACTURING COMPANY gS 
etapa pn mentor - 






































NEW PUSH-LITE* 
SAVES HALF 
THE SPACE 
AND REDUCES 
COST 








Using both a pushbutton and indicating 
light on one operation will soon be old- 
fashioned. In fact, it’s a waste of money 
and space because one new Push-Lite 
unit will do both jobs. 

The new unique Push-Lite with its 
button-shaped plastic lens combines the 
functions of both a pushbutton and 
indicating light. One push transmits the 
appropriate signal and, at the same time, 
energizes the indicating lamp. 

Push-Lites are liquid-tight as are other 
operators and lights in the Westinghouse 
Oil-Tite* pushbutton line. Precision- 
machined fits and neoprene seals will not 
allow liquids to reach electrical parts. 

For more information about Oil-Tite 
pushbuttons ask for the new booklet 
(B-7022) or the 72-page Pushbutton Guide 
(B-6749), a catalog of all Westinghouse 
pushbuttons. Write to Westinghouse 
Electric Corporation, P. 0. Box 868, 
Pittsburgh 30, Penna. or call your local 


Westinghouse distributor. ge 


This space free for 
other controls when 
Push-Lite is used. 


emcee 









you CAN BE SURE...1F ITS 


Westinghouse 





In This Issue 
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supplies are described in reference to 
selenium rectifier applications. 


EVALUATING DIP-SOLDERED 
JOINTS. Printed circuit dip-soldered 
joint characteristics of interest include 
short-time tensile strength, impact 
strength in tension, and creep strength 
in tension. These factors, together 
with a study of the efficiency of joint 
formation are the subjects of an in- 
vestigation at Eastman Kodak’s Navy 
Ordnance Division. The results are 
reported by Eugene Miller and Alfred 
Johns, Jr. in an article beginning on 
page 157. Results which can be ex- 
pected in production are described, 
together with proven methods for in- 
creasing dip-soldered joint strength. 


WHITHER ENGINEERS? That ques- 
tion is raised in the lead Editorial on 
page 107. There are two undercurrents 
noticeable today pulling the engineer in 
two opposite directions. One trend is 
sparked by the wholly new problems 
arising in the field of supersonic air- 
craft and guided missiles as a result 
of severe environmental conditions of 
shock, vibration and extreme tempera- 
tures. To lick these problems calls for 
specialists in rather narrow fields. The 
situation calls to mind the old adage 
defining a research worker as one who 
is constantly learning more and more 
about less and less. 

At the opposite extreme is the engi- 
neer turned manager or forced to be 
sales conscious or aware of the broad 
economics of product development. In 
a talk given before the AIEE, A. T. & 
T.’s president Frederick Kappel called 
for three-dimensional engineers (page 
334). If engineers are to be “solid,” 
they have to have the third dimension 
of height that comes from the mixing 
of management ideas. Engineers should 
be part of the management team. Yet 
another speaker, whose comments are 
abstracted on page 336, demands that 
engineers be more sales-minded if they 
are developing consumer products like 
radio and TV or appliances. We our- 
selves (back again on page 107) sug- 
gest that engineers working on the 
design of automation equipment need 
be more conscious of the broad econ- 
omies of mass production and the hu- 
man engineering aspects of the assem- 
bly line. Hands and head can often 
do the job cheaper than an automatic 
assembly machine. Broken down, the 
“whither” question becomes a choice 
between broad or narrow in outlook or 
field of endeavor. You will have to de- 
cide for yourself. 
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There’s a Good Reason why 


ZINC pie castines 


at David White 


INSTRUMENT COMPANY 
IT’S 


ACCURACY 


You may never need a theodolite, but you will recognize the importance 
of accuracy in this surveying instrument. This is the tool that enables 
engineers to build bridges and tunnels from both ends and make them 
meet exactly in the middle. It also helps surveyors lay out highways and 
property lines. Any instrument demanding such precision must be made 
of very accurate parts. ZINC Die Castings are meeting that need. 









Engineers at David White Instrument Company have a strong prefer- 
ence for ZINC Die Castings because of the consistent accuracy and other 
physical and mechanical properties required in their transits and levels. 
They find that zinc has greater resistance to shock than metals formerly 
used. ZINC Die Castings are also much less expensive for quantity pro- 
duction and greatly reduce the assembly and finishing problems. 


Many manufacturers are recognizing the important quality of ACCU- 
RACY that can be obtained with ZINC Die Castings. Any die caster 
will show you samples of such precision work done for his customers. 
It may be that these examples will suggest improved qualities and cost 
savings for your products. 


TOs ee JERSEY ZINC COMPANY 160 Front Street, New York 38, N. Y. 
aaacioeeed 
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Uniform Quality FOR DIE CASTING ALLOYS 
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Research 





Some Current 
Research Problems 


number of 691 research 
programs were conducted by the Ar- 
mour Research Foundation during 1956. 
Of this total, 393 projects were industry 
sponsored, and 298 were for the gov- 
ernment. Here are some capsule re- 
ports on several particularly interesting 
projects that cover a broad spectrum 
of problems: 


A record 


Flake-glass resin-bonded laminates: An 


investigation of the properties of lam- 
inates utilizing reinforcement of the 
new flake-glass materials has produced 
laboratory samples that exhibit flexural 
strength of 30,000-40,000 psi in com- 
bination with high rigidity (dynamic 
moduli to 7 x 10° psi.). 


Multi-channel magnetostatic recording 
heads: This type of head was developed 
as part of a project calling for a data 
processing system where it is necessary 
to effect time-scale changes of the 
order of 3000:1. The magnetostatic 





Excluding Inclusions: This Westinghouse metallurgist is overcoming one of the most 
frustrating problems encountered in alloy work—the occurrence of unwanted micro- 
scopic foreign bodies or inclusions along the grain boundaries or within the crystal 
of an alloy. Some of these inclusions are no more than 3 to 5 mils in diam and their 
source or composition is usually difficult to pinpoint. With the use of a 1-mil diam 
power-operated drill and a commercially available instrument, the Westinghouse Ma- 
terials Engineering Department has evolved a technique for removing inclusions and 
then identifying them by emission spectrographic analysis. The microdrill can be used 
either to drill a cutting out of the larger inclusions or to drill the smaller inclusions 


completely out of the base metal. 


10 


heads have an output proportional to 
the rate of change of flux. Digital in- 
formation recorded at 45 to 75 in. per 
sec with densities up to 200 pulses per 
in. is played back at tape speeds be- 
tween 0.2 and 2.0 ips. Heads provide 7 
channels for use with 1-in. tape. .. . 
In another project, a gas discharge 
tube to replace conventional play-back 
heads, is in the early stage of develop- 
ment. 


Electronic components: An investigation 
of metalized polyester (Mylar) film 
capacitors covers fabrication problems. 
techniques for clearing initial shorts, 
criteria affecting useful life, and per- 
formances at different voltages and 
temperatures. . . . In another contract, 
a study is being made of the problems 
in developing materials and compon- 
ents able to operate under temperatures 
reaching 500 C. Specific objectives in- 
clude suitable materials for capacitor 
dielectrics and for wire insulation. 


Vibration and shock isolators: New meth- 
ods are being sought for protection of 
component parts in guided missiles. 
Specifications for a new isolator call 
for a sandwich-type design able to 
withstand large compression, tension 
and shear loads over a wide range of 
climatic conditions. 


Metals research: Several projects deal 
with titanium. One investigation ex- 
amines the feasibility of cladding titan- 
ium on steel by heating and rolling 
sandwiches of the two metals with an 
intermediate layer of vanadium. Initial 
test results are said to be “gratifying.” 
...In another area, magnesium-lithium 
alloys are being studied. Two types have 
already been developed: One is suit- 
able for high-strength extrusion; the 
other has superior room temperature 
ductility. . . . Several phases of fiber 
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CLEARPRINT ‘'FADE-OUT’’ PAPER ockrical 


USE CLEARPRINT’S NEW 
‘“FADE-OUT’’ GUIDE LINES 
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Available in ROLLS up to 42” wide,and in SHEETS 


of any specified size. Grids ruled 4 x 4,5 x5, 8x8 
and 10 x 10 lines to the inch. 
Printed on Clearprint Technical Papers: 
No. 1OOOH—16 Ib. weight 
No. 1020 —20 lb. weight 
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Ask your dealer for samples, or send coupon 
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THERE IS NO SUBSTITUTE — Demand Watermarked Clearprint 
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Clearprint ‘“Fade-Out” Paper 
well 


| 1, INVITES PENCIL AND PEN — Try 
_ Clearprint’s perfect working sur- 
face with a 2H pencil, then with a 
ruling pen. Lines are sharp and 
clean — no feathery edges. 


2. ERASES PERFECTLY — Erase some of 
the lines. Redraw and erase several 
of them repeatedly. Crease the pa- 
per, too. Then hold it to the light 
and notice the absence of grid lines 
and ghosts. 


3. NO GRID, NO GHOSTS ON PRINTS — 
Make a quick print of the sheet. 
The original is faithfully repro- 
duced, clean and easy to read, 
without erasure ghosts or cross sec- 
tion rulings. 


THERE’S A CLEARPRINT PAPER 
FOR EVERY JOB 


ASK FOR COMPLETE 
SAMPLE BOOK 


IN SHEETS, PADS and ROLLS 


iE cccieiemineeedaceieaaene <0 ae 


CLEARPRINT PAPER CO. EM 
1482 - 67th St., Emeryville, Calif. 


[] Please send me sample Clearprint ‘ 
Out” sheets, with prices. 

—1) Send me Clearprint samples, with prices, for 
following uses: 


‘Fade- 


(1) Have your representative call at my office 
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RESEARCH HORIZONS 


LL 


metallurgy are being studied. Materials 
investigated include combinations such 
as stainless steel fiber with magnesium. 
and metal fibers combined with plas- 
tics. In a commercial development, a 
machine has been developed to produce 
a continuous felted fiber metal sheet. 


Radiation 
Troubles 


Research programs investigating nu- 
clear effects on solid state devices have 
increased in number and scope. The 
seriousness of these effects on such 
devices as transistors. for example, 
obviously becomes a design problem 
of the first importance where tran- 
sistorized equipment is required to 
operate under exposure to nuclear 
radiation. ... It may be an ironic twist 
in design history that transistors, at 
first displacing the standard glass- 
enveloped vacuum tube, may in turn 
be displaced by the ceramic tube. 


Automatic Beam 
Stabilization 


An improved memory system for a 
computer utilizing cathode ray tube 
storage of binary information is de- 
scribed in U. S. Patent No. 2.770.756. 
This is one of 47 patents currently re- 
leased by the Atomic Energy Commis- 
sion on a non-exclusive. royalty-free 
basis. The system is essentially as fol- 
lows: 

The signal is stored in a predeter- 
mined position on the tube screen. 
Periodically, the cathode beam is di- 
rected to that position to sample the 
stored information. Means for detecting 
and amplifying the resulting signal are 
provided along with a circuit designed 
to regulate the beam current magni- 
tude with respect to the signal pro- 
duced. This is designed to keep the 
signal magnitude substantially con- 
stant, thus attaining improved opera- 
tion of the system. 

To date, the AEC has made avail- 
able for licensing 1093 patents and 
patent applications. Requests for li- 
censes should be made to the Chief. 
Patent Branch, Office of the General 
Council, U. S. Atomic Energy Com- 
mission, Washington 25, D. C. 


More than 

Meets the Eye— 

Don’t ever get to thinking that color is 
just a matter of exuberant sales excur- 
sions into hue, chroma and hullabaloo, 
such as charcoal gray refrigerators or 
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periwinkle blue garbage disposals. If 
you do, you'll be acquiring a dour and 
dispirited attitude to color all at cross 
purposes with the TV = announcer’s 
aspirations to euphoria for you and 
yours. ... In hard fact, the use and 
specification of color is really a serious 
business for scientists. designers and 
engineers. For example. it takes a 
closely printed 20-page booklet, “Sur- 
vey of American Color Specifications 
(1955),” just to list by title the fol- 
lowing reference data on the subject: 


1. Systems of Color Specifications; 
2. Reflecting Color Standards; 

3. Transmitting Color Standards; 
4. Instruments for Color 

ment; 

Standards and Methods of Test 
Classified According to Material; 
6. Color Codes. 


Measure- 


uw 


This booklet is a publication of the 
Inter-Society Color Council, a coordinat- 
ing body on which some 25 organiza- 
tions are represented. These include 
American Society of Industrial Design- 
ers, American Standards Association. 
ASTM, Departments of the Army and 
Navy, Illuminating Engineering Socie- 
ty. Industrial Designers’ Institute, Na- 
tional Bureau of Standards, RETMA, 
Society of Automotive Engineers, So- 
ciety of Motion Picture and Television 
Engineers. 


Solar Energy 
Research 


Another three-day symposium on solar 
energy. January 20-22 at Phoenix, Ari- 
zona, under the overall sponsorship of 
The Association for Applied Solar En- 
ergy. would testify to the vitality and 
progress in this area of research. The 
program of 12 papers was primarily 
concerned with design and operation 
of solar furnaces and the determination 
and control of furnace performance. In 
a general address. C. C. Furnas, As- 
sistant Secretary of Defense for Re- 
search and Development. explored the 
potential uses of solar energy, primari- 
ly central heating units: air-condition- 
ing systems: heaters: cook 
stoves: heat engines: thermocouples; 
photovoltaic cells: 
nace itself. 


water 
and the solar fur- 


The solar furnace is being given 
principal attention as a research tool 
in the study of extremely high tem- 
peratures, At present, spot tempera- 
tures of about 4000 C should be ob- 
tainable. An 
underway contemplates the design and 
construction of a furnace in New Mex- 
ico able to subject specimens of no 
more than 5 in. diam to such tempera- 
tures. But such solar furnaces, it was 
pointed out by Dr. Furnas, are hardly 
practical as power sources. 


Air Force project now 


Electronic 
Ceramics 


The team approach to materials and 
components research and development 
practised by industry calls for inte- 
grated efforts by closely knit groups 
comprising physicists, metallurgists, 
chemists, ceramists and engineers. The 
American Ceramic Society, historically 
interested in basic research in all 
phases of ceramics, now recognizes the 
need for a similar team approach on 
the professional society level. 

It is no longer feasible, the Society 
feels, for individuals to work in isola- 
tion. It is therefore proposing to estab- 
lish an Electronic Ceramics group to 
represent the diversified interests of all 
those in the electronic field that work 
with ceramic materials. 


“‘Super-Pressure”’ 
Materials Again— 


Scoring a second time with its work in 
super-pressure, high-temperature _ re- 
search (first was the “man-made” dia- 
mond announced last year), General 
Electric Research Laboratory has come 
up with a man-made cubic-structure 
boron nitride. Named “borazon,” this 
material is harder than diamond and 
is capable of withstanding much higher 
temperatures, 3500 F as against 1600 F. 
Density of borazon is 3.45 gm/ce 
against 3.56 gm/cc for the diamond. 
The new material (not otherwise known 
in nature) has been produced in tiny 
experimental crystals under pressures 
exceeding 1 million psi and at tempera- 
tures over 3000 F. The cubic crystal 
structure is similar to that of the dia- 
mond. Ordinary boron nitride is a soft 
material, hexagonal in structure. 

Potential industrial applications are 
seen eventually in much the same area 
as industrial diamonds used in grinding 
and cutting operations, but permitting 
much higher operating speeds. 


Department of 
Research Byproducts— 


Just in case all this talk about the burn- 
ing temperature of diamonds is dis- 
suading your little woman from wear- 
ing her precious rings when she cooks 
your dinner, tell her not to worry. The 
G-E press publicity people have 
thoughtfully added a reassuring “To 
the Ladies” note to their press kits 
pointing out with scientific authority 
that, after all, the kitchen range tem- 
perature reaches only 500 to 600 F, 
as against 1600 F at which diamond 
begins to oxidize. 

And that’s one load off our should- 
ers! 


—A. E. é. 
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Complete frequency —amplitude noise 
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NOISE REDUCTION STRESSED IN LIB VE propucr IMPROVEMENT 


This section of the International 
Business Machines Corp.’s Testing 
Laboratory gets the facts on noise 
—to make their products quieter and 
more salable. With the use of a 
Brush-Bruel & Kjaer Spectrum 
Recorder, a complete frequency spec- 
trum analysis is performed on vari- 
ous office machines. Where remote 
testing of a product is necessary, a 
tape recorder is used to reproduce 
the noises for laboratory analysis. 

The Spectrum Recorder provides 
the answers for product testing 
engineers. This unit analyzes all 
sounds from 14 to 36,000 cycles per 
second, in one-third octave steps. A 


BRUSH ELECTRONICS 


3405 Perkins Avenue, Cleveland 14, Ohio 


complete test through the frequency 
spectrum takes only 22 seconds. 

Two exclusive major features 
make the Spectrum Recorder the 
most economical instrumentation 
for your noise reduction program. 
This nnit operates auiomatically... 
thus saves hours of engineering 
time. It presents recorded data in 
one-third octave steps . . . in a form 
widely recognized as most useful for 
achieving noise reduction. 

You can obtain complete systems 
for measuring noise, vibration or 
strain from Brush. For complete 
information, write Brush or call 
your nearby Brush representative. 
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errottet Becomes Publisher 
of Electrical Manufacturing 


LOUIS J. PERROTTET 


Back in 1940 there sat alongside 
my desk a young man who was seven- 
teen years away from becoming pub- 
lisher of ELECTRICAL MANUFACTUR- 
ING—though that was something the 
future and his own subsequent per- 
formance were to determine. He and 
I had been engaged in a couple of 
probing meetings, the young man 
striving to make a career decision for 
himself and I endeavoring to help 
crystallize a decision that would 
prove to be in our mutual interests. 

The decision made, we were full 
of hope as to how the new associa- 
tion, then beginning, would turn out. 
Down through the years, first as field 
man, later as district sales manager, 
then as business manager of ELEc- 
TRICAL MANUFACTURING and vice 
president of the company, Louis J. 
Perrottet was thoroughly establishing 
himself as a business magazine man. 


whatever 
areas his immediate responsibilities 
pointed, he always scoped the picture 
beyond these immediate horizons. He 
envisaged the total magazine publish- 
ing operation. He became a student 
of the field served by ELectricaL 
MANUFACTURING as spelled out by the 
companies and men making up the 
field and the problems that were 
theirs in product making. Lou Per- 
rottet had indeed, by years of appli- 
cation, fitted himself to become the 
publisher. And, it is in recognition 
of his competency that | now turn 
over to him the job of publisher of 
ELECTRICAL MANUFACTURING with 
responsibility for the direction of all 
publication programs. After a quar- 
ter of a century at the helmsman’s 
post, I pass the baton along to eager 
and younger hands, with the satisfac- 
tion that I am lightening my own 
load. Though I vacate the publisher 
spot, I shall continue active day-to- 
day direction of the publishing com- 
pany as its chief administrative of- 
ficer. 

Coincident with the moving up of 
the new publisher, comes another 
promotion within the ranks. Phillip 
T. Heffernan becomes business man- 
ager of ELECTRICAL MANUFACTURING, 
succeeding Mr. Perrottet. The new 
business manager’s progress story 
with Gage parallels that of the new 
publisher except that he has not been 


Though concentrating in 


PHILLIP T. HEFFERNAN 


around long enough to have gone as 
far. Joining the organization in 1947, 
Phil Heffernan had a whirl as circu- 
lation and marketing research field 
man, personally contacting readers 
for several years. Also, he has been 
advertising representative in the East 
and Middle West, more recently as 
manager of the Chicago office. 

I would feel that I express the 
sentiments of the friends of Messrs. 
Perrottet and Heffernan among ELEc- 
TRICAL MANUFACTURING readers and 
advertisers in wishing for them a full 
measure of success in their new re- 
sponsibilities. I join all the members 
of the staff in offering our fullest 
measure of cooperation. 


<td: 


PRESIDENT 
Tue Gace Pustisninc ComMPpANY 
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CIRCLE CUTTING 
SLITTING 
SHEARING 
ANNEALING 
POLISHING 
SAWING 
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Your mill orders for Hussey Copper or Brass 
may specify any of a number of special 
extras including any type of shearing, sawing 
or slitting, circle cutting, various 

degrees of annealing, polishing or certain 
types of fabrication. Take advantage of 
Hussey Special Mill Services to reduce 
operations in your own production. 


C. G. HUSSEY & COMPANY 


(Division of Copper Range Co.) 
Rolling Mills and General Offices: Pittsburgh 19, Pa. 


7 Convenient Warehouses to serve you 


PU U Re 5 occ chies cndncbevswhnn 2850 Second Ave. 
Ns v oixis'oceevessccccetwete 5318 St. Clair Ave. 
INS, 6.5.4 ncns eves gues sewn ke 1045 Meta Drive 
IR as bchovee wes ouknesesnas 3900 N. Elston Ave. 
Nise ssn eenVaen vdaletcpweme Central Terminal Bidg. 
EE Hn Siiwin Sree cntcaces 1632 Fairmount Ave. 


NEW YORK, LONG ISLAND CITY (6)..... 34-39 Thirty-first St. 
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(6) CAPACITORS 


HIGH TEMPERATURE TANTALYTIC 
CAPACITOR — TUBULAR — features: 
1—Tantalum lead, 2 —Teflon* 
bushing, 3—Mylar® insulating 
sleeving, 4 — Insulation, 5 — Paper 
and tantalum foil roll, 6 — Solder- 
able nickel lead, 7 — Rubber bush- 
ing, 8— Double metal case con- 
struction, 9 — Non-acid electrolyte, 
10 — Plain and etched foil; 11 — 
Polar or non-polar construction. 


HIGH TEMPERATURE TANTALYTIC 
CAPACITOR — RECTANGULAR — 
features: 1 — Tantalum stud, 2 — 
Silicone bushing, 3 — Polar or non- 
polar construction, 4— Paper and 
tantalum foil rolls, 5 — Silver-plated 
metal case, 6 — Plain and etched 
foil, 7 — Non-acid electrolyte, 8 — 
Mounting stud floptional). 

*DuPont Co. Trade Mark 
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General Electric Tantalytic capacitors 


operate at+ 125 C ambient 
for 1000 hours at full rated voltage 


To help you solve difficult space problems 
in design functions demanding high reli- 
ability miniaturized equipment capable of 
operating in ambient temperatures ranging 
from —55C to +125C at full rated voltage, 
General Electric offers a variety of shapes 
and sizes of high temperature Tantalytic 
capacitors. 

The Tantalytic capacitor is built for at 
least 1000 hours operation at +125C with 
no more than 20% loss in capacity. Below 
+125C, capacitor life is extended in pro- 
portion to the reduction in ambient tem- 
perature. 

Whatever your capacitor requirements 
might be, there is a General Electric sub- 
miniature capacitor for most applica- 
tions. Take, for example, the metal-clad 
tubular capacitor — mineral oil impreg 
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nated, built to MIL-C-25A — often ap- 
plied to “work horse” applications in 
military electronic circuits. Or, capacitor 
pulse forming networks, adhering to strict 
capacitance tolerance and temperature 
range, are engineered for missiles and radar 
equipment. 

New permafil capacitors, built to meet 
the characteristic “K” requirements of 
MIL-C-25A, are now available in rectan- 
gular case styles. These solid dielectric 
capacitors can withstand the violent shock 
and vibration found in today’s missile and 
airborne electronic systems. 

For assistance with capacitor applica- 
tions contact your General Electric Ap- 
paratus Sales Engineer or write to the 
General Electric Company, Section 442-40, 
Schenectady 5, New York. 


*Registered Trade Mark of General Electric Co. 











METAL-CLAD TUBULAR CAPACITORS— +85C, min- PERMAFIL RECTANGULAR solid dielectric in case CAPACITOR PULSE FORMING NET- 
eral oil impregnated. Built to MIL-C-25A. Ratings: styles CP50, CP60, and CP70O series. Built to elec- WORKS — for missiles and radar 
.001 to 1.0 uf, 100-600 v. d-c. Tol: + 5%, + 10%, trical requirements of characteristic ‘K", MIL-C- equipment. Capacitance tolerance: + 
or + 20%. Write for GEC-1390. 25A. Ratings: .01 uf to 10 uf; 100 v. d-c to 1500 7% (at +25C). Temp. range: —55C 
v. d-c, Temp. range: —55C to +125C. to +125C. Write for GEA-4996. 



































































\ IE WW HERMETIC 
POWER COMPONENTS 


Listed below are just a few of the 50 new stock items in the United her- 
metic power series. These MIL-T-27 power components add to the 200 
other hermetic stock items of filter, audio, and magnetic amplifier types. 
Through the use of proven new materials and design concepts, an unparalleled degree of life and reliability 
has been attained, considerably exceeding MIL-T-27 requirements. Test proved ratings are provided, not 
only for military applications but for industrial, broadcast, and test equipment service (55°C. ambient). 


For complete listing of these new items, write for Catalogue #56. 











MIL-T-27 RATINGS IN REGULAR TYPE INDUSTRIAL RATINGS IN BOLD TYPE 
TYPICAL POWER TRANSFORMERS, PRI: 115V., 50-60 cycles. 
Type HV Sec. Approx* Dc Fil Approx* MA Fil. MIL 
No C.T DC volts MA Wdg DC volts oc Wdg. Case United “H 
ni a i 
500 L 180 65 L170 75 ° series power trans 
H-81 C 265 55 6.3VCT-3A Cc 240 65 6.3VCT-3A HA formers are available in types suited} 
- Se = — ; oo = — to every electronic application, 
700 1. 255 170 — 210 Proven ratings are listed for bot 
H-84 a C 400 ” Svs . 4 = Ley KA ; high voltage outputs... condense 
7 10 V-1 -3V-1. "BQ tee : : 
, 420 105 5V-3A Cc 380 140 5V-4A and choke input filter circuits .. 
730. L 245 320 L 210 420 military and industrial applications 
H-87 C 390 210 6.3V-6A c 350 310 6.3V-6A NB 
800 L 275 300 6.3V-2A L 245 400 6.3V-2A 
C 440 200 5V-4A c 400 300 5V-4A 
H-93 1000 Lt 370 280 6.3V-8A L 340 340 6.3V-10A OA 
1200 L 465 250 6.3V-4A L 455 300 6.3V-5A 
5V-6A 5V-6A — 


“After appropriate H series choke. L ratings are choke input filter, C ratings are condenser input. 


United “H” series filter reactors are 
extremely flexible in design and rat- 
ing. Listings show actual inductance 
at four different values of DC. Bold 
type listings are industrial applica- 
tion maximums 


§)5) 8/2) 72 


TYPICAL FILAMENT TRANSFORMERS, PRI: 105/115/210/220V., 50-60 cycles. 





































Type Sec. Amps. Amps. Test Volts MIL 
No. Volts (MIL) (ind) RMS Case 
H-121 2.5 10 42 10000 JB United “H” series filament trans 
H-124 5 3 3 2000 FB formers have multi-tapped primaries 
H-127 5 20 30 21000 NA % good regulation, and are rated fo 
H-131 6.3CT 2 2.5 2500 FB ~ .(% eRAD industrial as well as military service. 
H-132 6.3¢1 6 z 2500 uA | Qgace 

3 Si AB 
H-136 14, 12, 11CT LA 





United “H” series plate transformers 
incorporate dual high voltage ratings 
and tapped primaries to provide ver- 
satile units for a wide range of mili- 
tary and industrial electronic appli- 
cations. Large units have terminals 
opposite mounting for typical trans- 
mitter use. 


UNITED TRANSFORMER CO. 


150 Varick Street, New York 13, N. Y. + EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y. CABLES: “ARLAB” 
PACIFIC DIV.: 4008 W. Jefferson Bivd., Los Angeles 16, Calif 





Mvrel ij the most reliable 
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SERVO MOTORS: — 


For wide ranges of voltage and impedance — 
high peak voltages without damage to motor 
— inherent damping or variable magnetic 
damping. 





HYSTERESIS SYNCHRONOUS: — 


Compact —reliable operation at —55°C. Up 
to 31 watts output and 50% efficiency in : without housing. Saves weight and space in 
13%” diameter. Smaller frame sizes available. : special built-in applications. 


eeeeeeeeeeeeeee 


UNCASED MOTORS: — 


Both hysteresis and servo types can operate 











GEARHEAD MOTORS: — 


Rugged, reliable. Single housing. Integral 
slip clutch—low backlash. Wide range of 
standard ratios readily available. 


COE SEES EEEEESEEEHHEHHE HEH OOD 








MOTOR TACHOMETERS: — 


High precision and damping tachometers. 
Linearity up to 0.05%, nulls to +1 MV, + potentiometers, synchros, etc. 
scaling error + 0.05% from — 55° to + 75°C. 
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PACKAGED ROTATING COMPONENTS: — 


Tailored combinations of motors, gearheads, 








W e W ® 
Special’ motors are our business 


Every motor we make is “special”... designed to 
meet your most exacting requirements and pro- 
duced with the precision workmanship needed to 
satisfy the most stringent specifications. 

The few representative motors shown above will 
give you some idea of our wide experience in the 
field of precision motors. Our intensive investiga- 
tions in the areas of miniaturization and the effects of 
high temperatures are reflected in all our products. 


ISMS 
NC. 





What the photographs do not show are the hid- 
den quality materials standard with SMI... nickel 
steel laminations, ABEC Class 5 stainless steel 
bearings, teflon lead wire, heavy silicone and teflon 
magnet wire, stainless steel shafts, and many others. 

So, you can see it’s to your advantage to con- 
sider Servomechanisms, Inc., as your source for 
high performance precision motors. Write for our 
Motor Catalog which gives full details. 


MECHATROL DIVISION 
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625 Main Street - Westbury, L.1.,N.Y.- EDgewood 4-6500 


Western Regional Office 


1000 W. El Segundo Blvd. - Hawthorne, Calif. - OSborne 6-1176 
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Myrel i the most reliable 
Capacitors available anywhere! 


\ - The name “Hyrel” heralds a com- 

plete new line of Sprague Capacitors 
conforming to the most rigorous set 
of capacitor specifications ever writ- 
ten. Techniques, materials, and 
processes combine to make it the 
most reliable paper capacitor pos- 
sible within the present state of the 
art. After two years of exhaustive 
pilot runs, these high reliability units 
are in high volume production now. 

















































In missiles, jets, warning net- 
works, computers, controls... 
wherever reliability is important... 
Hyrel Q capacitors find scores of 
applications. A glance at Sprague 
Specification PV-100 tells you why. 

—~ It’s far above and beyond commer- 
cial or present MIL military levels 

. and it calls for outstanding per- 
formance under high g shock, vibra- 
tion, humidity, immersion, as well 
as under accelerated life test. Com- 
plete facilities for making every test 
called for have been installed in a 
special plant area in which Hyrel Q 
capacitors are manufactured by spe- 
cially selected personnel. 

The first Hyrel Q capacitors— 
Type 195P—are subminiature 
metal-clad paper units hermetically 
sealed with compression-type glass- 
to-metal solder-seal terminals. 
Available in both conventional tub- 
ular and screw-neck mounting styles, 
all are Vitamin Q impregnated and 
designed for operation from — 55°C 
to +125°C. Voltage ratings of 200, 
300, 400, and 600 VDC are standard. 

Complete technical information 
is provided in Engineering Bulletin 
2900 and Specification PV-100. Both 
are available on letterhead request 
to the Technical Literature Section, 
Sprague Electric Company, 307 
Marshall St., North Adams, Mass. 


the trademark of reliability 


CAPACITORS © RESISTORS + MAGNETIC COMPONENTS © TRANSISTORS © INTERFERENCE 


FILTERS © HIGH TEMPERATURE MAGNET WIRE © PULSE NETWORKS © PRINTED CIRCUITS 
SEE US AT THE 1.R.E. SHOW—BOOTHS 2416-18-20-22 
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you can count on 
UNIFORM QUALITY 


in G-E custom-molded 
PLASTICS PARTS 


This consistent excellence is no accident. It’s the result 
of painstaking, scrupulous quality control—from raw 
materials through every stage of the molding and 


finishing process. 


If your manufacturing operation has been plagued by 
too numerous rejects of the plastics parts you buy, 
now is the time to turn to G-E—to depend on G-E— 
for the quality you need to keep your production lines 
moving on schedule. 


Remember, too, that G-E’s comprehensive injection 
and compression molding facilities can assure you of 
reliable delivery of plastics parts when you need 
them, in the quantity you want, competitively priced. 


For the complete story of General Electric Plastics 
Molding Service and its place in your operation, write 
today for further information. 


Plastics Department, General Electric Company, 
Section 3EM, Decatur, IIl. 
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WAREHOUSE SERVICE 
WIRE INVENTORY PROBLEM 







COMPLETE WAREHOUSE STOCKS 
strategically located on East Coast, 


West Coast and in Central Region. 


OVERNIGHT DELIVERY TO THE 
MAJOR MARKETS 


““ONE-PHONE-CALL” SERVICE 
via nearest Phelps Dodge district 
office. See list below: 

+ e & 


Atlanta, Ga. + Boston, Mass. » Charlotte, N. C. - Chicago, Ill. 

Cincinnati, Ohio - Cleveland, Ohio - Dallas, Texas - Detroit, Mich. 
Fort Wayne, Ind. - Houston, Texas + Kansas City, Mo. 

Los Angeles, Calif. - Milwaukee, Wis. - New Orleans, La. 

New York, N. Y. + Philadelphia, Pa. + Pittsburgh, Pa. - Portland, Ore. 

San Francisco, Calif. - Seattle, Wash. +» St. Louis, Mo. » Washington, D. C. 


PHELPS DODGE COPPER PRODUCTS 





INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 
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products 





VULCANIZED FIBRES In sheets, rods, tubes and fabricated parts. 


ARMITES Thin Fibre Insulation (Fish Paper) in sheets, rolls, coils and 
fabricated parts. 


SPAULDITES: (lLominated Thermosetting Plastic) in sheets, rods, 


tubes and fabricated parts. 


SPAULDO: A Thin, All-Rag Paper Insulation in sheets, rolls, coils, 
slot cells and other fabricated parts. 


SPAULDING FIBRE BOARD: in sheets and fabricated 


parts. 


SPAULDING T BOARD: 4A superior Transformer Board, in 


sheets and fabricated parts. 


MATERIALS HANDLING PRODUCTS: 


Factory Trucks, Boxes, Barrels, Trays, etc. 


SPAULDING BRANCH SALES OFFICES 





anu 7, GA. CHICAGO 34, ILL. LANSING 10, MICH. NEW YORK 55, NEW YORK 

1250 South Mxtord Rd., N.E. 7644 West Belmont Avenue 2021 South Cedar Street 384 East 149th Street 
BALTIMORE 18, MD. CHICAGO 25, ILL. LONDON, ENGLAND PARIS, FRANCE is 

123 West 22nd Street 4770 Lincoln Avenue Spaulding's LTD. la Fibre Vulconisee—Spauiding 
BERKELEY 10, CALIF. CHICAGO 38, ILL. 40 Gloucester Way 27 Rue Vincent compe, 

2221 Fourth Street 5604 West 63rd Street Clerkenwell, London E.C. 1 ST. LOUIS 5, MO, 
BOSTON 16, MASS. CLEVELAND 14, OHIO LONG ISLAND, N. Y. 7247 Olive Street Road 

* 
585 Boylston Street 2108 Payne Avenve 90-34 Jamaica Avenue ST. LOUIS 17, MO. 
CLEVELAND 16, OHIO Woodhaven 21 1500 Big Bend Blvd. 

Boston Area: 19035 Detroit Rd., Rocky River LOS ANGELES 15, CALIF. SYRACUSE 3, N. Y. 

WELLESLEY HILLS 82, MASS. payTON 2, OHIO 1325 San Julian Street _1206 East Water Street 

44 Washington Street 136 So. Ludiow Street MILWAUKEE 8, WISC. 

BRIDGEPORT 6, CONN. DETROIT 1, MICH. 3329 West Vliet Street 

2626 Main Street 4612 Woodward Avenve NEWARK, N. J. ae le * 
CAMDEN % N. J. FORT WAYNE 6, IND. 101 a 106 Lake Shore Drive E. 





227 South Sixth Street 2301 Fairfield Avenue 
SPAULDING FIBRE COMPANY, In 


Port Credit, Ont. 
A, NEW YORK 
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A single small green thread distinguishes silicone-glass magnet 
wires from ordinary varnish-treated wires. This simple innovation 
—which was introduced by Rome Cable—saves you time and 
money by making identification easier and positive. 





Insulated by a tough silicone-glass covering... 


Rome’s “green thread magnet wire’ permits 


easier-wound coils for Class 


You can prove to yourself that Rome 
Cable’s silicone-glass magnet wire is 
best by comparing its properties with 
those of any other. It will pass any 
reasonable test you can give it. This 
premium quality magnet wire features: 
High heat resistance —ideal for Class 
H equipment (180° C. hottest spot). 


Outstanding abrasion resistance—this 
wire is made to order for the tight ten- 
sion blocks and severe handling in- 
volved in coil winding. 

High tensile strength—this tough in- 
sulation won't crack under the tension 
of coil winding. 


Perfectly bonded—this skip-free cover- 
ing is tightly bonded to withstand 
severe bending. 

In addition to the toughness and 
heat resistance of its insulation, this 
magnet wire features a copper con- 
ductor with consistently accurate di- 
mensions, a surface free of burrs and 


defects, and the correct copper soft- 
ness—all the result of Rome Cable’s 
step-by-step quality control. 
And-—since proper spooling of fin- 
ished wire is of real importance—Rome 
Cable accurately winds each layer. 
Spools are then carefully packed to pre- 
vent any damage during shipment. 
Many magnet wire users are now 
specifying Rome’s green thread wire 
for Class H use because they know that 
this silicone-glass magnet wire is more 
dependable and easier to use than any 
other. Why don’t you do the same? 
Contact your nearest Rome Cable 
representative for more information— 
or write to Department 203, Rome 
Cable Corporation, Rome, New York. 


H equipment 





High tensile strength of insulation is a 
must when winding transformer coils. 


Rome’s silicone-glass magnet wire readily 
meets this requirement. 


ROME CABLE 


c Oo R 
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for identical, mass produced splices of 





This cutaway of the AM Plivar splice 
shows how conductor material ex- 
trudes outwardly into serrations for 
added strength and electrical con- 
tact. The splice is as corrosion 
resistant as the wire itself. 





IDEAL FOR ASSEMBLY LINE PRODUC- 
TION. .. the AMP Horizontal Auto- 
machine uses AM Plivar splice con- 
nectors in strip form, for automatic 
splicing as fast as the operator can 
insert the wires. 
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plus new horizontal machine 


enamel, poly-vinyl acetal and svmilarly coated wire 


See 


AMPlivar splices 
can be used on 

solid or stranded 
conductors, or 


combinations thereof 
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AMPlivar splices, with multiple 
ring stripping action, eliminate 
scraping, dissolving in solvents, 
burning, or other methods for re- 
moving insulation. Included among 
its many other features are: 


NO HEAT DAMAGE TO WIRE OR IN- 
SULATION—as often occurs in al- 
ternate methods of splicing. 

SMALL SiZE—scarcely larger than 
the wires themselves, but design- 
engineered to lock wire and con- 
nector into a high tensile strength 
splice. 


CORROSION RESISTANT—the joint 
is hermetically sealed during 
splicing. 


LOWER INSTALLED COSTS—elimin- 
ates soldering materials and equip- 
ment...requires less wire... 


reduces time required to make the 
splice. 


Further information is available on request. 








Because of cord capers like this... 


KINK IT... 


The General Electric line of cords offers a wide 
variety of types and constructions: flame-resistant, 
moisture-, and weather-resistant; cords insulated 
with asbestos, silicone rubber, and other special 
materials designed to withstand special conditions. 
Because of the wide selection, you'll find a G-E 
cord engineered to meet the uses and abuses of 
almost every application. 

General Electric application engineers have as- 
sisted many product designers and manufacturers 
on application problems. They can help you pick 
the type of cord that will fill your requirements 


most efficiently and most economically. 


DRAG ini 


You need rugged G-E CORDS to help 


To manufacturers who assemble their own 
cords, the superior design and consistent product 
quality of G-E cords can mean reduced set-up and 
adjustment time, more efficient production and a 
reduction of spoilage. To all manufacturers who 
use cord sets, G-E cords mean quality, efficiency, 
and economy. 

If you would like detailed information on the 
possibilities of better on-the-job performance, or 
of more efficient production with G-E cords, write 
Section W184-322, Construction Materials Divi- 
sion, General Electric Company, Bridgeport 2, 
Connecticut. 


Progress /s Our Most Important Product 
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G-E cords 
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CCT 


DELTABESTON* (Rated 300 V)—Felted- 
asbestos insulation. Resists heat and mois- 
ture. No drying or deterioration even on 
under constant high temperatures. 


TYPE S$ RUBBER JACKET (600 V)—Tough, 
durable, long-wearing. Resists acids, al- 
kalies and water. For extra-hard usage in 


% UVE B 
% 
ferric 


oe eee eee eevee *eeeeeeeveeeeee *“eeee 


medium-duty applications (i.e. 


ances) 


mines, railroads, garages, factories. 


TYPE SV RUBBER JACKET (300 V)— 
erties similar to type SJ, but for light duty. 


TYPE SJ RUBBER JACKET (300 V)—Prop- 
erties similar to type S, but for hard usage 


office 


machines, portable tools, household appli- 


Prop- 
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TYPE SO GEOPRENE* (600 V)—Resists 
grease, oil and other rubber solvents, sun- 
light, flame, acids, alkalies and water. For 
industrial, garage, chemical and soap plants 
and similar locations. 


TYPE SJO GEOPRENE (300 V)—For appli- 


ance, office machine, portable tool applica- 
tions where resistance to grease, oil, sunlight, 
flame, acid, alkalies or water is required. 
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TYPE POSJ RUBBER RIP CORD (300 V)— 
For light-duty pendent or portable use in 
damp locations and for table and floor 
lamps, clocks, radios, etc. 


TYPE POT FLAMENOL* RIP CORD (300 V) 
—Outstanding for its smooth, attractive 
finish. Will not deteriorate or change color. 
For light-duty use on table and floor lamps, 
radios, fans and other small devices. 








PREENX* HEATER CORD—For high-heat 
applications (soldering irons, toasters, grills, 
heat lamps, etc.). Easy to rip and strip. 
Moisture resistant. Smooth finish does not 
attract lint—stays clean, resists staining and 
discoloration. Outwears fabric cord ten to 
one. 


*Registered Trade-mark General Electric Company. 







five equals fifty 


This DC motor is actually ten times the motor it appears to be. 
It is the size of a 5-h.p. motor, but it’s rated 50 h.p. short-duty, 
and over 20 h.p. continuous. 


In designing this particular shunt-wound motor, high power 

in a small space was the major consideration, but not the only 
one. It also had to accelerate to 6000 r.p.m. within one second 
and withstand frequent, fast reversals without excessive over- 
heating. Physically, this small-scale giant measures just 16” long 
by 94” dia., and weighs only 115 lbs. 


Admittedly, this is a special motor. It is also typical of ESCO’s 
unusual ability to design and build all kinds of special rotary 
equipment to meet particular needs. For over forty years ESCO 
has been pleasing its customers by finding answers that exactly 
match special requirements. Perhaps our solution to your 
particular motor problem will please you, too. 


Refer to Esco Catalog in section 4a/E1 in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem — we'll be glad 
to show you how we would go about solving it for you. 


ELE ih ¢ LTY CO. 
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Factors in bus conductor design 


Skin and proximity effects 


al 


) 


ee 
_— 


| DIRECTION i 


-DIAMETER OF ROD- 


Dotted lines indicate magnetic fields. Color shading illustrates the resultant distribution of alternating current in round 
rod conductors. Mechanical force is developed as the centers of current try to move into the centers of their magnetic fields. 


Low skin-effect ratio favors tubular shape 


Skin effect becomes increasingly important in the medium 
and larger sizes of bus conductors carrying alternating 
current. It is the basic reason for using tubular con- 
ductors, quite apart from the structural advantages 
which they also possess. Tubular shapes (round or 
square) and paired channels have low skin-effect ratios, 
i.e., low effective resistance to alternating current. 

Skin effect is, essentially, the crowding of the main 
alternating current flowing in a conductor toward the 
outside surface by a contrary flow induced in the center 
of a solid conductor, a cable, or in the inner annular 
area of a tubular conductor by the constantly varying 
magnetic flux surrounding it. 

Proximity effect is uneven distribution of an electrical 


current over the cross section of a conductor due to dis- 
tortion of the surrounding magnetic field by the field or 
fields generated by current in neighboring conductors. 
The practical result of “proximity” is an increase in the 
apparent resistances of the conductors affected. Mechan- 
ical forces also are generated. 

Field and current distribution problems are two of the 
many which complicate bus design. The Technical Depart- 
ment of The American Brass Company is always available 
to engineers for consultation in the selection of Bus 
Conductors for specific needs. See your Anaconda rep- 
resentative, or address: The American Brass Company, 
Waterbury 20, Conn. In Canada: Anaconda American 
Brass Ltd., New Toronto, Ont. 


ANACONDA 


5796 


THERE'S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


WIRE & ROD TO Vay ROUND TUBE ARE TUB 
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FANSTEEL 


ELECTRICAL 
CONTACTS 


*,.. Help when you need it, 
.. Delivery when you want it, 


“ 
nN \ ... Quality ALWAYS 4 
‘ ; 


Fansteel Metallurgical Corporation 


NORTH CHICAGO, ILLINOIS, U.S.A. 
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The difference in cost between "average" cord sets 
and superlative CORNISH Cord Sets is negligible — 
just peanuts. The difference in value to your equip- 
ment and appliances is very real and considerable. 


If you want your products to work better, LONGER — 
play it smart... 


tornish 


‘Olin. 


All Cord Sets available in 


COLOR 


to match 
your appliances, 
both in Rubber 
and in Plastic 


Send us your specifications; 
consult us without obligation. 


CORD SETS 


"Made by Engineers for Engineers” 
| 
| CORNISH WIRE COMPANY, Inc. 
' 50 Church Street Branches in 15 Leading Cities New York 7, N. Y. 
b Creators and Manufacturers of CORDS AND CORD SETS FOR HOME, FARM AND INDUSTRY 
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GENERAL ELECTRIC VITREOUS-ENAMELED RESISTORS are 
available in both fixed and adjustable types. Most re- 
quirements can be met with immediate shipment from 
stock. Additional units with a wide variety of mounting 
arrangements are available for special applications. 
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vitreous 
enameled 
resistors 


General Electric presents a new line of enameled resistors 
designed for dependable, long-lasting service. These new 
resistors—rated from 5 to 218 watts—are ideal for both 
industrial and electronic applications. 


RELIABLE PERFORMANCE 
THROUGH PRECISION MANUFACTURING 


Maximum equipment-performance and long resistor life 
are assured with G.E.’s new line of resistors because: 

@ Low-temperature-coefficient wire means stable operation. 
@ Elimination of ‘‘hot-spots’’ reduces resistor burnouts. 
@ Special enamel coating is moisture and acid resistant. 
@ Wire junctions are silver brazed for positive connection. 


NEW CATALOG SIMPLIFIES 
SELECTION AND ORDERING 


To aid you in selecting the right resistors for your 
specific applications, General Electric’s new easy-to-use 
resistor catalog puts complete information on performance, 
ratings, dimensions, mounting arrangements, and ordering 
instructions right at your fingertips. 


For complete information on General Electric’s new 
enameled resistors, contact your nearest General Electric 
Apparatus Sales Office. For your copy of the new G-E 
resistor catalog, GEA-6592, write Section 784-5, General 
Electric Company, Schenectady, N.Y. 


Industry Control Department, Roanoke, Virginia 
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CLEVELAND SPECIAL HEADED AND THREADED PRODUCTS 


This Cleveland special %4 x 3% in. low-carbon-steel stud is used in 
quantity by a large manufacturer of electrical equipment as part 
of the tap changer indicator assembly on distribution transformers. 


Cost of special collar stud is cut 20% 
by Cleveland’s cold forming techniques 


The famous Kaufman Double Ex- 
trusion Process which turns out 
millions of Cleveland precision cap 
screws yearly is highly adaptable 
to low-cost production of your fast- 
ener-type specials. 

The tap changer stud pictured 
above is typical. Used by a well- 
known electrical equipment manu- 
facturer, it was previously cut from 


, , , 


Black area represents metal that had to 
be cut away when stud was produced by 
machining. In the Cleveland cold form- 
ing process almost all the metal in the 
working slug is present in the finished 
part. The customer saves the difference. 


36 


bar stock. The special head, double 
shoulders, and groove above the 
threads meant numerous machin- 
ing operations and 
scrap. 

Cleveland now cold forms. this 
special stud at 20% less cost to the 
customer, while holding the spec- 
ified .005 in. tolerance. And the 
part is stronger. Inthe head, threads 
and fillets, grain flow is symmetri- 
cal and unbroken. In addition, the 
forging action of the Kaufman proc- 
ess toughens surface metal while 


considerable 


leaving the core ductile. Both fa- 
tigue resistance and tensile strength 
are thus increased. 

We are regularly cold forming 
close-tolerance specials—many with 
unusual or extreme upsets—in large 
quantities. So whether your part is 
simple or complex, it will pay you 
to check with Cleveland, particu- 
larly at the design stage. There is 
an excellent chance that through 
cold forming we can cut the cost 
and improve the physical proper- 
ties of the part you have in mind. 


Write for a copy of our folder “Specials by Specialists” 


ce 
| 


THE CLEVELAND CAP SCREW COMPANY 
4444-11 Lee Road, Cleveland 28, Ohio 
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ALL-IN-ONE ASSEMBLIES 





Today's exacting applications have 
increased the demand for high reliability 
components. Constantin has met this 
demand by introducing an entirely new 
series of all-in-one assemblies that 

offer the designer new highs in quality 
construction and design. 





Small wonder, too .. because 
Constontin’s design and manufacturing 
versatility is the result of decades 

of glass-to-metal sealing experi- 

ence ... experience that is paying 
giant performance dividends for 


many of industry's leaders. 


Constantin ail-in-one assemblies 
are original pieces designed to 
individual requirements. Each unit 















can be supplied with many 

various types of internal and external 
mountings, eliminating costly sub- 
assemblies which entail many parts 
and processes including stamping, 
soldering or brazing, seal 

mounting, etc. 


This experience is yours for the 
asking ... whether your project 
calls for all-in-one assemblies, end 














seals, transistor mounts, crystal 
covers, connectors, or unit headers, 
your product's performance will 

be improved by using a Constantin 
glass-to-metal seal. 

Write today for more information. 


“QUALITY WITH CONFIDENCE” 


, @ LL Conslantin 6 Gomera 


Route 46, Lodi,N.J. © 187 Sargeant Ave., Clifton, N. J. 


TRANSISTOR MOUNTS e@ SINGLE TERMINALS ¢ COMPRESSION HEADERS e END SEALS e CRYSTAL BASES e CONNECTORS @ MINIATURIZATION 
SEE US AT BOOTH #3801-3803, I.R.E. SHOW 
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A lot of history has passed in 
our first hundred years. We have 
seen sweeping changes take place in 
every area of human experience. 
But Adams & Westlake has not changed 
in policy or in dedication to the 
maintenance of product quality. Every 
Adlake product must be as excellent as 
our 100 years of know how can make it. 
This assures continuing growth for us 
and better products for our customers 
in the transportation, electronics and 
building construction industries. 
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Building Construction 


1857-1987 


the Adams & Westlake compan) 


NEW YORK TE Came eT CHICAGO 
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When one of many requirements 


Jef 


Heat resistance with HIGH STRENGTH 


High strength-to-weight ratio permits slimness in 
design, a style feature in handles of Bridgeport Brass 
Company’s ‘“Copperware’’ skillets and saucepans. 





Heat resistance plus DURABLE SURFACE LUSTER 


Glossily reflecting highlights, the Duncan Hines 
Tea-O-Mat’s handle of molded Durez has lustrous 
beauty that will not fade. 





Heat resistance plus EXCELLENT ELECTRICAL 
PROPERTIES 


Dependable service in everyday use is safeguarded 
by Chromalox Microtube terminal blocks of Durez 
phenolic in these slim-tube range units. 
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is HEAT RESISTANCE 





get the others too...with 
DUREZ PHENOLICS 


Solutions to three separate problems furnish a graphic example of why engineers turn to 
the reliable Durez thermosetting phenolics when planning new products or improving 
current models. In all three, heat resistance h happened to be a basic requisite. Yet each 
required a different combination of other properties from the other two for success. 


For more than thirty-five years Durez has been a gold mine of useful properties for the 
designer. In close-tolerance components resistant to impact, high and low temperatures, 
water, and chemicals ...and wherever good electrical characteristics are essential... you 
can usually do it better with Durez. These materials also help you hold the cost line, due 
to their uniformity and excellent molding behavior. Many are designed for easy preform- 
ing and molding in automatic machines. 


For data and for information on new developments in these versatile plastics, keep 


in touch with your molder... call on our field engineering service... or let us send you 
“Durez Plastics News.” 





Phenolic Plastics that Fit the Job 


DUREZ PLASTICS DIVISION A 


CHEMICALS 


PLASTICS 


HOOKER ELECTROCHEMICAL COMPANY 





1303 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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Microsize UNBRAKO socket screws simplify design problems—even in highly specialized equip- 
ment like this prototype precision loading device for use in advanced automated production operations. 


Miniaturize with UNBRAKO set screws 


HEAT-TREATED ALLOY STEEL* 


PLAIN CUP POINT 
Class 3 Fit Standard 


Recommended 
Installation Weight 
Threads L Torque in per Box 
per inch Overall Inch-Pounds of 100 
Diameter NC NF Length NC NF in Pounds 





You need not design special set 
screws to secure your new mini- 
aturized equipment. Microsize 
UNBRAKOs were developed spe- 
cifically for use in modern small 
devices. 


UNBRAKO screws are made of 
carefully selected alloy steel. They 
are manufactured to timepiece 

. precision. Sockets are deep and 
uniform for greatest wrench engagement and longest 
reuse. Threads are fully formed for maximum strength 
and exact fit. And UNBRAKOs are heat treated to the 
optimum condition for high tensile strength and duc- 
tility without brittleness or decarburization. 


Ask your authorized industrial distributor about micro- 
size UNBRAKO socket screws today. Or write us for Bul- 
letin 2055 and samples. Unbrako Socket Screw Divi- 
sion, STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 








STANDARD PRESSED STEEL CO. 


Ako SOCKET SCREW DIVISION 


® 





JENKINTOWN PENNSYLVANIA 
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Now...an accomplishment so far reaching if will 
change the sights of all rectifier users 


nape * PETTI-SEL 


3 
RECEPTOR'S * High Current Density 


improved new Industrial type 
vacuum process SELENIUM RECTIFIERS 


Developed by the famous Siemens Organization of West Germany 
and now manufactured by Radio Receptor Co. in the U.S.A. 





Estimated life 100,000 hours 


Much smaller cell sizes than conventional 
units of the same ratings 


Lower forward voltage drop 


Suitable for high temperature applications 





s of same s, th Cw 
CHARACTERISTICS Far smaller in size than other rectifiers of the same current ratings, the ne 


Radio Receptor HCD Petti-Sel units are manufactured under laboratory con- 
trolled conditions with fully automatic machinery, assuring new standards of 


HCD PETTI-SEL > product uniformity. 


600 


Rectifiers 


Field experience extending over several years with these rectifiers indicates 
an estimated life of 100,000 hours. This is largely attributable to the special 
process requiring no artificial barrier layer. Low forward voltage drop and low 
aging rate make the new Petti-Sel Rectifiers applicable to magnetic amplifiers 
and other control applications. 


500 








< .—$£@ ee eg 
= a i 
> TYPICAL AGING g 105} t= 
= > 
9 CHARACTERISTIC = 
w Ww 
. Cell size 4” x 4”, single = '°° a rons 
= 300 phase bridge (4-5-1-B)oper- 2 + 
= ated at 130 volts AC input, 
> 8 amperes DC output cur 5 
ie rent, resistive load, 35°C 3=— & 
4 ambient temperature. 3 
5 200 

Other American AY ------------------ . 

rectifiers HOURS 0 5000 10000 15000 20000 


now available : 
Watch for further announcements of unique developments 
on these history-making rectifiers. If you would like our new 


109 bulletin as soon as it is available, write today to Section EM-3. 


Semiconductor Division 


RADIO RECEPTOR COMPANY, INC. 


o% ==s~ Radio and Electronic Products Since 1922 


240 Wythe Avenue, Brooklyn 11, N. Y. » EVergreen 8-6000 


Radio Receptor Products for industry and Government: Selenium Rectifiers *« Germanium Diodes 
Thermatron Dielectric Heating Generators & Presses « Communications, Radar & Navigation Equipment 





FORWARD VOLTAGE (AC.RMS) 
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story of the most 


Every brake cylinder is checked 
underwater for leaks. 


. = —— 
Final closure and pressure test 
j is made af this press. 
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0 0.5 1.0 
FORWARD VOLTAGE (AC.RMS) 


fadio and Liectronic Products Since 1922 


240 Wythe Avenue, Brooklyn 11, N. Y. » EVergreen 8-6000 


Radio Receptor Products for industry and Government: Selenium Rectifiers *« Germanium Diodes 
Thermatron Dielectric Heating Generators & Presses ¢ Communications, Radar & Navigation Equipment 


famous brake in the world 


Even schoolboys know the fabulous 
story of George Westinghouse, and 
how he accelerated developments of 
railroad transportation with his 
Westinghouse Automatic Air Brake. 
Even if a train breaks in two, brakes 
are applied to each section to stop it. 

Although Westinghouse Air Brake 
Company has made countless im- 
provements in braking devices, the 
basic operating principles have pre- 
vailed since 1872. Original design of 
some parts is still followed today, 
that’s how well they were designed 


2 Piston assembly. Westinghouse 
: Air Brake Company makes its 
~~“ own rubber parts. 


Cylinder at left is for freight 
cars, other is one of several used 
on a locomotive. 





UN i! 
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in the first place. 

A good example is the release 
spring, which retracts the brake cyl- 
inder piston when the brakes are re- 
leased. American Steel & Wire has 
been supplying this spring for about 
75 years. And although better steels 
and heat treatment are always being 
used, this original spring design has 
been operating over a 160° F. tem- 


perature range, stressed hundreds of 
times monthly, and is currently in 
service on over 2 million freight cars 
all over the world. 

We are proud of our long associa- 
tion with Westinghouse Air Brake 
Company, maker of the most famous 
brake in the world, considered by 
many people to be one of the great 
inventions of our time. 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL, GENERAL OFFICES: CLEVELAND, OHIO 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS AMERICAN QUALITY SPRINGS 


man lubricates the cylinder. 


( 3) After piston is inserted, work- 


ee me 
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4) Spring inserting. The housing is 


machined high-density cast iron. 





(7) In position. Cylinders go three years between cleanings. 
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DESIGNING WITH ALUMINUM 


/vertiseme 


This is one of a series of information 
sheets which discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series will be supplied on request. 
Address: Advertising Department, Kaiser 
Aluminum & Chemical Sales, Inc., 1924 
Broadway, Oakland 12, California. 





THERMAL TREATMENTS 


PROPER USE OF ANNEALING AND HEAT TREATMENT WIDENS 
SCOPE OF APPLICATION, DESIGN AND FABRICATION WITH ALUMINUM ALLOYS 


(THIS ADVERTISEMENT REPEATED IN RESPONSE TO THE HIGH INTEREST EXPRESSED BY ENGINEERS AND DESIGNERS.) 


Fanmuarrry with the thermal treat- 
ments which apply to aluminum and 
with their influence on metal behavior 
is frequently as important in design 
and alloy selection as in fabrication. 
This is especially the case in dealing 
with the wrought alloys, where forming 
of some sort is a regular concern; with 
the cast alloys the problems custom- 
arily revolve around such require- 
ments as castability, machinability and 
strength, but not forming. 


The major thermal treatments are 
annealing, and the solution and precipi- 
tation heat treatments which are often 
referred to singly or together under the 
general, but loose term “heat treat- 
ment.” Their intelligent consideration 
in design and manufacture makes it 
possible in many cases to derive maxi- 
mum advantage of aluminum’s combi- 
nation of desirable properties such as 
light weight with strength, corrosion re- 
sistance, conductivity, reflectivity and 
appearance. 


The metallurgical aspects of the ther- 
mal treatments are quite complex, but it 
is possible to discuss their processes and 
effects satisfactorily in a general way 
insofar as they affect design problems. 


Annealing Only Way 
To Remove Hardening 


Annealing is a treatment to soften the 
metal and render it more ductile and 
susceptible to forming operations. It 
applies to both the non-heat-treatable 
and heat-treatable alloys although there 
is some difference in how the annealing 
treatment accomplishes its purpose. 


Because cold working produces pro- 
gressive hardening, it is frequently 
necessary in fabrication to anneal non- 
heat-treatable material after one or 
more sets of fabricating operations in 
order to proceed with further forming. 
With most of the group of alloys, an- 
nealing is carried out by raising the 
metal to a temperature of about 650°F 
although a higher temperature, 760°F, 
is required for the manganese-type al- 
loy 3S that is so generally used for 
many formed articles. Normal air cool- 
ing to room temperature follows. 


During the annealing process the 
grains which have been deformed by 
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Fig. 1—TYPICAL GRAIN STRUCTURES 
Photomicrographs show grain structures typical 
of non-heat and heat-treatable wrought alloys. 
Top: 50S-0 (anodic etch); bottom: 75S-T6 (phos- 
phoric-Keller’s etch). 


cold working are recrystallized into new 
ones that are equiaxed, and the metal 
reaches a stable condition in which 
there is no strain. It is important that 
the material be brought to temperature 
as rapidly as possible and that it be ex- 
posed to heat only long enough to bring 
the entire part to temperature. Slow 
heating rates and overlong heating tend 
to create larger grains in the annealed 
metal, a structure that is usually unde- 
sirable. 


When annealed, metal which has had 
only a small degree of cold work also 
tends to form larger grains than that 
which has been work-hardened consid- 
erably. With the non-heat-treatable al- 
loys, of course, strength and hardness 
can be increased again, after annealing, 
only by further cold working. Therefore, 
where annealing is required at some in- 
termediate stage in fabrication, careful 
consideration should be given to its ex- 
act location. 


Cooling Rate Critical 
For Heat-Treatable Alloys 


Annealing of the heat-treatable alloys 
removes the effects not only of any cold 
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working the material has undergone but 
also of previous heat treatment, so that 
practice differs from that followed with 
the non-heat-treatable alloys. Precipi- 
tated particles of alloying elements 
must be coalesced, which reduces them 
in number and enlarges them in size, 
thus nullifying their hardening effect. 


Higher temperatures, ranging be- 
tween 750°F and 800°F, are therefore 
required, and the rate of cooling be- 
comes of critical importance. It must be 
slow, no more than 50° per hour down 
to temperatures of at least 500°F, so 
that constituents taken into solid solu- 
tion are precipitated as relatively large 
particles and heat treating effects are 
avoided. As with the non-heat-treatable 
alloys, excessive temperature and time 
may cause undesirable grain growth. 


The annealed tempers of the heat- 
treatable alloys are used for forming 
purposes. Aside from the fact that there 
would be no reason for using them in a 
finished item, several of this group of 
alloys have lower resistance to corro- 
sion resistance in the annealed temper 
as compared with heat-treated material. 


The fact that a large class of alloys 
acquires optimum properties through 
heat treatment is a strong factor in ex- 
tending the versatility and applications 
of aluminum. These alloys are heat- 
treatable because some of the elements 
and compounds go into solution with 
aluminum at elevated temperatures, 
and then after appropriate treatment 
are precipitated out at lower tempera- 
tures. This action promotes a structure 
that resists internal crystal slip and so 
increases the strength and reduces the 
ductility of the material. 


Heat-treatable alloys include those 
of the highest strength, ranging up to 
83,000 psi tensile strength for 75S. In 
general, they fall into three types, de- 
pending upon the chief alloying ele- 
ments: the magnesium-silicide, copper 
(including copper-magnesium) and 
zinc-magnesium groups. 
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DESIGNING WITH ALUMINUM Continued 





TABLE 1 © TYPICAL HEAT TREATMENTS (1) 


[ - a 7] 
Solution HeatTreotment ay Precipitation Heat Treatment 








t _ T 4 
} \ i 
Alloy “a Resulting | Mote Time Resulting 
| iF Temper (3) | — Hours | Temper (3 
11S | 935-970 | 118-14 | 325 16] 115-16 













14S 930-950 | 145-14 (4) | 335-345 | 8-12] 145-16 
17S | 935-950 | 17S-T4 (4) 

18S | 950-970 | 18S-T4 340 8-12] 188-76) 
24S 910-930 24S-T4 (4) 

258 | 955-970 | 25$-T4 340 8-12] 258-76 
32S | 945-960 | 325-14 340 8-12] 325-16 
A51S| 960-980 |A51S-T4 340 8-12 | A51S-T6 
53S 960-980 | 535-T4 340 8-12] 535-16 





61S 960-1000} 61S-T4 (4) 
75S 860-925 | 75S-W 


325-340 
245-255 
or 210 


615-16 
758-16 













followed by 
310 
310 
310 





195(5)| 960 
356 (5) 

















(1) Figures are given as a guide only; more 
details may be obtained for specific applications. 


(2) Solution heat treatment times depend on the 
section thickness, varying from 10 minutes for 
thin sections up to several hours for thicker sec- 
tions. Soaking should be followed by immediate 
quench; in cold water for light sections, in boil- 
ing water for heavier, thicker sections. 


(3) Addition of cold work would change tempers 
—i.e., 11S-T3, 11S-T8, etc. 


(4) After aging at room temperature for approx- 
imately four days. 


(5) Casting alloys. Soaking time at solution tem- 
perature for average casting is 12 hours—hot 
water quench. 


Heat Treatment 
Consists of Two Phases 


Heat treatment to attain maximum 
strength consists of two phases: solu- 
tion heat treatment and precipitation 
or aging, which may be natural or arti- 
ficial (the latter being termed precipi- 
tation heat treatment). 


In solution heat treatment, the metal 
is heated to temperatures ranging ap- 
proximately from 900°F to 975°F (see 
Table 1). At that point certain of the 
alloying elements go into solution, or 
dissolve, in the solid metal. When the 
temperature is quickly lowered by 
quenching, the alloying elements re- 
main in solid solution. 


Immediately after quenching, the 
metal is quite soft. But it is not in a 
state of equilibrium because the mate- 
rial is in a supersaturated solution— 
the solid solubilities of these alloying 
elements in aluminum being less at 
room temperature than they are at so- 
lution heat treating temperatures. 


Within a few minutes, however, the 
alloying constituents begin to precipi- 
tate as extremely fine particles in the 
solid metal and the strength begins to 
increase. There is considerable differ- 
ence between alloys in the rate of this 
precipitation, or natural aging, as shown 
by Figures 2a and 2b. In 24S it pro- 
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gresses rapidly and uniformly at room 
temperature and is virtually completed 
at the end of four days, with maximum 
strength and hardness then obtained. 

In 75S, natural aging proceeds at a 
much slower rate: there is practically 
no increase in strength during the first 
hour and it is actually many months be- 
fore 75S will attain maximum strength. 
Therefore, in practice this alloy requires 
a low-temperature thermal treatment 
after solution heat treatment to have 
adequate precipitation for desirable 
strength. This is the artificial aging 
process called precipitation heat treat- 
ment. 


FIG. 2a » RATES OF NATURAL AGING OF 
SOME HEAT-TREATABLE ALLOYS 


TENSILE STRENGTH—1000's OF psi 


Thr. 10 hrs. | day 
NATURAL AGING TIME AT ROOM TEMP. 


FIG. 2b 


YIELD STRENGTH—1000's OF psi 


Thr. 10 hrs. I day 
NATURAL AGING TIME AT ROOM TEMP. 


Another type of behavior is exhibited 
by 61S. It ages naturally at room tem- 
perature to one level of strength in four 
days, but can be given precipitation 
heat treatment (before or after natural 
aging) to T6 temper for maximum 
strength. It is quite common for a fab- 
ricator to obtain 61S material in the 
first condition (T4 temper) from the 
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mill, do necessary forming and then 
achieve the full T6 properties by the 
relatively simple precipitation heat 
treatment. 


Possibilities for Forming 


In Interim Condition 


The behavior of the heat-treatable al- 
loys as outlined above—especially the 
“delayed action” of varying duration 
between quenching and full precipita- 
tion—offers considerable opportunity 
in design and planning for forming 
operations. 


For example, it is possible to solution 
heat treat and quench, do considerable 
forming while the metal is still rela- 
tively soft and then age the formed part 
either naturally or by precipitation heat 
treatment to maximum strength. This 
procedure can help avoid distortion 
problems likely to occur when forming 
the part entirely in the annealed tem- 
per and then heat treating, especially 
where light gauge material is being used. 


Refrigerating material after quench- 
ing also slows down the rate of precipi- 
tation to such an extent that there is no 
increase in strength or hardness for an 
extended period of time. It is common 
practice to handle rivets made of heat- 
treatable metal in this manner, and the 
air-frame manufacturers have further 
developed the technique to a high de- 
gree for use in forming large parts and 
in bending large extrusions. 


Other Thermal Treatments 


Although they are of only minor inter- 
est to the designer, there are several 
other thermal treatments used with 
aluminum, such as stabilization and ho- 
mogenization which are used in alumi- 
num rolling mills and the treatment 
of some castings for stress relief and 
growth removal. Stabilization is a low- 
temperature treatment to establish the 
harder tempers of some of the magne- 
sium-type non-heat-treatable alloys in 
a stable condition. Homogenizing con- 
sists of soaking the ingots of heat- 
treatable wrought alloys at elevated 
temperatures to distribute the alloying 
constituents uniformly before rolling. 


More detailed assistance with design, 
alloy selection and fabrication and heat 
treatment procedure is obtainable 
through any of the Kaiser Aluminum 
sales offices located in principal cities. 
Or write to Kaiser Aluminum & Chem- 
ical Sales, Inc., 1924 Broadway, Oak- 
land 12, California. 


Kaiser Aluminum 


see our cotolog in 





or write for copy 


ol Setting the pace... in growth, quality and service 
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10 Amp Relay 


30g to 2000cps 60 Amp Overload 80 Amp Rupture 


Here are the facts: | 


Contact Rating: 10 amperes resistive 

at 30 volts d-c and 115 volts, 400 cps 
: 
j 


Type CH-12D 


Overload—60 amperes 
Rupture test— 80 amperes 
Contact Arrangement: 4 PDT | 


Coll: 26.5 volts d-c, 170 ohms 
(other resistances are available) 


Temperature: —65°C to +125°C 
Vibration: 30 g to 2000 eps 
Operating Shock: 100 g. 
Weight: 5 oz. 


Military Specifications: 
Meets test conditions of — 
Mil-R-5757B « Mil-R-6106A ¢ Mil-R-25018 


For more information, write for Bulletin CH 







Actual 
Size 







ALTERNATE MOUNTINGS ARE AVAILABLE. 
Tel Mil TLCS iL aae Vella Mae) hi te)t 6-32 NC-2A THD. 


3 STUDS FOR MOUNTING > MAX. 


ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21, N. Y. 








ONTROL 


aura 





ActuG@® Sizes 


This new polarized relay, de- 
signed and manufactured by 
Siemens & Halske Company 
of Germany, is now available 
from Allied Control, and in 
the near future will be pro- 
duced by Allied with the tech- 
nical assistance of Siemens 


& Halske. 


Allied Types . Allied Types 
Tris 163-169 Tris 193-199 





| 
} 
| 





Type Number 





Description 


Magnetic Latch 
Operation 


Fonte Arangement [| 
“Operate” Excitation (Std.) 
“Operate” 

Power “ 610 


“Working” Excitation Amp. Turns 


Contacts: Silver, General Purpose : ; 
ae Dielectric 

2 amp., 28v d-c resistive load Test 
Platinum Alloy A. Low-Level Voltage 
Applications up to .5 amp. 
Platinum Alloy B. Heavy Duty Standard 
Applications above .5 amp. Colts 
Max. Continuous Current 5 amps. 


a 





By ‘Se 
tote 








68 | Tris 169 


Tris 163 | Tris 164 | Tris 165} Tris 166 | Tris 167 | Tris 1 
Tris 193 | Tris 194 | Tris 195 | Tris 196 | Tris 197 


Tris 198 | Tris 199 
3 


Spring Null Spring 
Biased | Center 


Coil to Frame 500v rms. 
Contact to Contact 350v rms. 
Contact to Frame 500v rms. 


Winding to Winding 150-500v rms. 


Resistances from 1.1 to 18,000 ohms 
Max. number of windings 3 
Max. Continuous Loading _1 watt 


Max. Ambient 




















ALLIED CONTROLS 


New 


CRADLE RELAYS 





These new telephone type relays meet the requirements of modern equipment 
for a small versatile and economical relay. Designed and manufactured by Siemens & 
Halske Company, Germany, the cradle relay series are now available from 
Allied Control. In the near future these relays will be produced by Allied with 
the technical assistance of Siemens & Halske. ¢ For complete information 

on these relays write for Bulletin 52. 


Specifications 


Pull-in Power at 25° C: 
.035 watt to .140 watt 


Contact Arrangements: 
up to 6 make or 6 break or 4 pdt 


Contact Rating: 
1 or 5 amp, 30v d-c or 11 5v a-c 


Max. Coil Loading: 
1.5 watts 


Coil Voltages: 
From lv d-c to 140v d-c 


Coil Resistance: 
From 1.3 ohms to 15,000 ohms 


Speed of Operation: 


10 ms max. at 1 watt 
Shock: 25 G's 


Vibration: 
10-55 cps at .062” double amplitude For Types Trls 151 and 151H low capacitance 


55-500 cps 8 G's wire contact pile-ups are also available. 


Actual Size 





ALLIED TYPE Tris 151 
Available in two sizes (x or y) with solder 
terminals and transparent dust cover. 





ALLIED 

TYPE Tris 154 

Available in two sizes (a or b) 

with plug-in base, transparent dust 
(Trls 1540) cover, and special socket. 


ie Afar eo byt) 


Actual Size 


ALLIED 

TYPE Tris 151H 
This is an hermetically 
sealed version of 
Allied's Type 151. 


Actual Size 


Pe Pe 
16 


Pal hy 
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ALLIED CONTROL COMPANY, ING., 2 EAST END AVENUE, NEW YORK 21,N.Y. 











It’s easy to handle the new 
Westinghouse 48-frame motor 















These five big mechanical advantages prove it! 


Up to 35 pounds of pull will not disconnect the line cord on this new Westinghouse 48-frame motor. 
A built-in strain relief, one of this motor’s many mechanical features, was designed with you in mind. 

The mechanical advantages you get with the new Westinghouse 48-frame simplify your product 
design problems. They help speed up your assembly —make it easier and less costly. And they assure you 
of the permanent dependability you need and require to help make your product better—more salable. 

For more information on the mechanical and other advantages of the new, lighter, more compact 
Westinghouse 48-frame motor, contact your nearby Westinghouse sales engineer. Or, write for descrip- 


tive bulletin DB-2801 to Westinghouse Electric Corporation, P. O. Box 566, Lima, Ohio. J-03030-X 


e 


POSITIVE CONNECTIONS are assured SIMPLE CHANGE of voltage and rota- HEAVY FRAME with machined fit for 
with the Westinghouse built-in strain tion is possible with easily accessible end brackets assures positive align- 
relief for line cords. Easy-to-get-at plugs on a modern terminal board. ment. Absence of “Swiss-cheese” 
knockout permits quick threading of Motor’s versatility materially reduces vents in solid frame protects windings 


conduit into spacious terminal box. stocking requirements. against liquids or dirt. 


you CAN BE SURE...1F ITS 
Westinghouse 
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WELDED FOOT provides an absolutely CONTROLLED CONCENTRICITY 

_¢ rigid mounting—assures accurate through use of centerless ground shaft 
control of shaft height. Rigid or resili- | and dynamically balanced, aluminum 

_/ ent mounted, these new motors can die-cast, skewed rotor assures even 
Py be operated in any position. torque and extra-quiet operation. 


V cy 


+ 
* 
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Another new development using 


B.EGoodrich Chemical «aw materia: 


HIS new telephone distribution 

wire, using copper conductors 
insulated with Geon polyvinyl mate- 
rials, is cutting ““hook-up”’ costs for 
new service as much as 50%. 

One of the advantages of this new 
wire, in addition to the lower in- 
stalled cost, is the ease with which 
the installer can tap into the color- 
coded wires anywhere along the line. 
This distribution wire permits tele- 

hone companies to supply almost 
immediate service in urban develop- 
ment areas, and the wire can be 
re-used after the installation of per- 
manent cable plant. 
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This new telephone distribution wiring with insula- 


tion of Geon polyvinyl materials is manufactured by 
W hitney-Blake Company, New Haven, Connecticut. 


He has the right number for new phones 





This new development is practical 
because of Geon polyvinyl! chloride’s 
superior electrical properties, excel- 
lent resistance to abrasion and weath- 
ering. Even total immersion in water 
or oil for years won't break down 
Geon materials. As a result, Geon is 
the recognized leader in plastic insu- 
lating materials. 

You can use the remarkable prop- 
erties of Geon polyvinyl materials in 
many totally different products . 
sigid pining or flexible wall covering, 
foam padding or coatings for paper, 
textiles, or metal. For information 


write Dept. DK-3, B. E Goodrich 


Chemical Company, 3135 Euclid Ave., 
Cleveland 15, Ohio. Cable address: 
Goodchemco. In Canada: Kitchener, 
Ontario. 





“om 
* ime @ € GOOUMe 
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B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


GSR ACT Libs tAIW) GEON polyvinyl materials + HYCAR American rubber and latex + GOOD-RITE chemicals and plasticizers + HARMON colors 
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Simple Or Intricate Splines and Serrations 
Are Jobs For 


Gin 


Specialties, tte 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING * RACKS © THREAD GRINDING 






WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 


FRACTIONAL Ho, 
s 
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The extreme uniform accuracy of splines and serrations in G.S. Gearing 
is the result of 41 years of specializing in the mass-production of Small 
Gearing exclusively! Critical customers from coast-to-coast specify 
“G.S." again and again for the engineering skill and production effi- 
ciency only these long years of highly specialized experience can 
give. ye The group of components shown above feature internal, 
external and involute splines and serrations. “Parallel Side” splines 
are multiple keys. They can be made to either a major diameter, 
minor diameter, or side fit with mating part. G.S. generates the exter- 
nals by the hobbing or shaping process . . the internals by broaching 
or shaping. Involute splines are multiple integral keys having a pres- 
sure angle of 30°. They offer the advantage of greater strength. Involute 
serrations are essentially involute splines with 45° pressure angle. 
They are made for side fit applications only. ye Whatever type of 
Splining or Gearing YOU require, however simple or intricate, you can 
place implicit confidence in G.S. to consistently supply TOP quality at 
moderate cost. Send drawings or descriptions today! Let our skilled 
engineers suggest the ONE best and most economical application for 
the job. There’s no cost or obligation. 


SEND FOR FREE sz, 2222, ese 
Guide. It describes 80 types 
and applications. Contains useful charts . . a valuable aid to 


anyone interested in Small Gearing. Use company letterhead, 
please. No obligation, of course. Write today! 


tn Small Gearing! 


wa 
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New Accopac materials 
useful range of 


Expanded fiber sheet gasket line now includes 
radically different asbestos materials — offers 
high sealing efficiency at flange pressures of 
10,000 psi or more and temperatures to 500° F. 
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The new, expanded line of Accopac® materials 
brings an entirely new degree of sealing effi- 
ciency to fiber sheet packings. Where plant fiber 
gaskets are called for, Accopac offers dimensional 
stability and improved dependability. For appli- 
cations where compressed asbestos materials are 
now specified, the new, flexible Accopac asbestos 
compositions offer easier handling and lower cost 


along with excellent sealing characteristics. 


For flange pressures 
from 800 — 2,000 psi 


Applications in this range of flange pressures 
usually require gaskets with relatively high com- 
pressibility. To meet this need, Accopac materials 
made of cellulose fiber, ground cork, and syn- 
thetic rubber binders are available. These mate- 
rials need relatively light bolt pressures to seal 
normal joints. They conform to the surface irregu- 
larities commonly found in lightweight stamp- 
ings and castings. These Accopac materials are 
recommended where temperatures do not exceed 
250° F. Materials in this class are designated as 
CS-301 and CN-705. 


For flange pressures 
over 2,000 psi 


For heavy-duty flanges where bolt pressures 
are 2,000 psi or higher, there are Accopac mate- 





rials that contain no cork. These are dense formu- 
lations designed to take heavy loads with mini- 
mum loss of bolt torque. Where temperatures do 
not exceed 250° F., they offer an economical re- 
placement for compressed asbestos sheet pack- 
ing. Compositions included in this group are 
N-820, N-852, N-854, and D-856. 


For high-temperature 
epplications 


For sealing jobs where flange temperatures are 
up to 500° F. and internal pressures are up to 
500 psi, a group of new asbestos-fiber Accopac 
materials is available. These materials are unique 
among asbestos gasket materials. They’re tough, 
flexible, and easy to handle. They die-cut cleanly, 
and there are no loose fibers to become detached 


and contaminate contained fluids or clog orifices. 


Accopac asbestos compositions AS-428 and 
AN-859 seal at flange pressures of 2,000 psi, 
somewhat lower than the pressure required for 
the general run compressed asbestos sheets. 
Although Accopac asbestos materials are more 
compressible than conventional sheet materials, 
they maintain the desired bolt torque. 


All Accopac materials are available in rolls, 
sheets, ribbons, or die-cut pieces. For more infor- 
mation, get in touch with your Armstrong repre- 
sentative. Or write direct. 
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greatly extend 


fiber sheet gaskets 


WHY ACCOPAC MATERIALS 
SEAL EFFICIENTLY 


All Accopac materials are made by a patented 
modification of the beater saturation process in 
which individual fibers are coated with a syn- 
thetic latex binder before the sheet is formed. 

This process assures uniform distribution of 
fibers and binder. The result is a strong, homo- 
geneous sheet. Even in very thin gauges, Accopac 
materials are tough and flexible. 

The synthetic latex binder in Accopac com- 
pounds is non-volatile and non-extractable. It 
cannot be leached out by the action of contained 
fluids or be vaporized by heat, as often happens 
with conventional glue-glycerine sheets. Even in 
alternately wet-and-dry applications, the Acco- 
pac binder-fiber structure remains intact. 

To provide resistance against a wide variety of 
oils, solvents, chemicals, and gases, the Accopac 
line offers a choice of synthetic latex binders. For 
example, for certain oil and all water services, 
the styrene-type (Buna S) binder is usually rec- 
ommended; for oil, gasoline, and other aromatic 
fuels, the nitrile-type (Buna N) binder is gener- 
ally suitable, although the chloroprene-type (neo- 
prene) is preferred by some. 


Accopac Cellulose-and-Asbestos Fiber Gasket Materials 


Type Composition i 
AMD 


N-854 = fiber, 


AS-428 


AD-838 


AN-859 


Tensile 
Strength 


Percent 
Compressibility * 
(1000 psi) 


(Minimum) 


cellulose fiber, cork, and 


synthetic rubber (styrene 


cellulose fiber, cork, and 
synthetic rubber (nitrile 
type) | 


cellulose fiber and ni-| A 3000 

trile-type rubber 

cellulose fiber and blend | 1800 17-27 
of synthetic rubber 





mineral 
filler and nitrile-type | 


rubber 


cellulose fiber and chlo- | 
roprene-type rubber 


| asbestos, styrene-type | 
| synthetic rubber 17-27 

} (1000 psi) 
| asbestos chloroprene- | 


| type synthetic rubber 
= 30-40 
| asbestos nitrile-type syn- (5000 psi) 


thetic rubber 


*Tested per ASTM D-1147-53T 








(Armstrong 
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ACCOPAC 


... used wherever performance counts 


1200 1400 





1600 1800 2000 2200 2400 2600 


You'll find more helpful informa- 
tion on the whole line of Accopac \ 
fiber sheet gasket materials in this 
new folder. Write for your copy to- 
day. Address Armstrong Cork Com- 
pany, Industrial Division, 7003 

[acco FAS 
Ingersol St., Lancaster, Pa. ’ . . 
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WARNER ELECTRIC CLUTCH COUPLINGS 


SOLVE HIGH-SPEED RECORDING PROBLEM 


Automatic transmission for remotely 
controlled, recording oscillograph permits 
speed changes without stopping machine 


Here’s an example of how designing Warner electric clutch 
couplings and brakes into the original unit get results that 
couldn't be obtained any other way. That’s the story of the 
Cathode Ray Oscillograph Recorder for high-frequency 
phenomena designed and built by William Miller In- 
strument Company, Pasadena, California. 

A total of 10 Warner electric clutch couplings and one 
RF-250 brake are used in the transmission to control re- 
cording speeds and in the magazine to control flow of 
photosensitive recording paper. The Warner clutch cou- 
plings in the transmission permit remote pushbutton selec- 
tion of recording speed ranging between 3 and 400 inches 
per minute without stopping machine. 

In addition, removing the magazine for darkroom proc- 
essing of recording paper is also simplified because Warner 
Clutch-Couplings were incorporated into the original de- 
sign. All that is necessary is to de-energize the field, unlock 
the magazine case, and slide the armatures away from 
their respective fields and rotors. 

Pushbutton, centralized control that can be custom- 
designed right into the machine's electrical requirements 
is yours with Warner Electric Motion Control. Split-second 
operation and precise control for automatic cycling, in- 
dexing, positioning, starting, and stopping guarantee that 
your machines have the design advances your customers 
want. Capacities range from 8 in. lb to 700 ft. lb, maxi- 
Mum static torque rating 


Instantaneous shift in recording rate, when required, is pushbutton 
controlled (above). Removing magazine for darkroom processing of re- 
cording paper requires only the de-energizing of two Warner electric 
clutch couplings, shown at right, and unlocking the magazine. 


RF 250 
BRAKE 


Sf 250 (> 
CLUTCH ‘ 
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Brake and Clutch on Electronic Computer 
—electric brake and clutch mounted on the same 
shaft in sensing and punching unit enable it to 
handle 100 cards per minute, requiring 6,000 
starts and stops per hour. Sensing fingers read 
data from the punched cards, information goes to 
computer for solution, and answer is punched onto 
the card. 


s ee 


ve 


WARNER PC 1525 


~ CLUTCH COUPLINGS 


— 


Ca 


Clutch Couplings on Gantry Crane— inde- 
pendent or simultaneous operation of two double 
drum hoists enables loads up to 25 tons to be han- 
died at either 8 or 24 hook feet per minute, 
depending on whether 300 or 900 rpm motor 
winding is energized. Clutch couplings are actu- 
ated by pushbutton from the operator's cab, with 
each handling two drums. 





Clutches on Turret Lathe—two electric 
clutches, plus one constant-running-drive motor 
belted to a constant-speed drive sheave are all 
that is needed to stop, start, reverse, or jog turret 
lathe spindle. Forward clutch is keyed to drive 
shaft and through gearing to machine spindle. 
Reverse clutch, keyed to sleeve around drive shaft, 
drives spindle through chain and gearing. 


SUPPLY ROLL 


DRIVE ROLL 


TAKE UP ROLL 


Brake on Textile Machine—brake magnet is 
stationary-mounted to motor housing. Armature is 
mounted on drive pins to hub, which is keyed to a 
shaft driving the brush roll. Perfectly synchronized 
stopping of eight rolls is accomplished by adijust- 
ment of individual rheostats in the control panel. 
Tearing and piling of material between rolls have 
been eliminated while stopping the machine. 


Ten Warner electric clutch couplings and one electric brake are used in the Miller Oscil- 
lograph as shown and in photo diagram above. Six SF-160 clutch couplings (A to F) are used 
in pairs in each of three sections in the transmission gear train. Section 1, using clutches A 
and B, provides a 2:1 speed reduction; section 2, using clutches C and D, provides a 4:1 
reduction; and section 3, using clutches E and F, provides a 16:1 reduction. Clutch G, coupled 
to the main drive through a gear set, controls the length of paper to be run for recording. 
Clutch H couples the main drive to rewind shaft when a high recording rate requires faster 
acceleration of take-up roll rotation than is possible with small rewind motor alone. Two clutch 
couplings (I and J) are used to couple main drive shaft and take-up shaft to their respective 
rolls. Brake K stops the supply roll and keeps it from unwinding when machine power is cut 
off by the governor. 


Beat Competition with 


ELECTRIC BRAKES 


AND CLUTCHES 


a id i aii elie ie = 
Warner Electric Brake & Clutch Co. $ 
Dept. EM, Beloit, Wisconsin ; 
Please send me copy of your new Condensed Catalog No. 6212 i 


Name Title pcesipeeentinli twit 
Company 
Address 


City 








LOADING ERROR 
SOLVED BY BORG 


Loading error, an important considera- 
tion in many potentiometer applications, 
has been solved by Borg. 


LOADING ERROR DEFINED 


Loading error is caused by current flow 
through the contact arm to a finite value 
of resistance (RL) connected to the output 
terminals of the pot. Ratio of total re- 
sistance of the pot to the load resistance 
determines the linearity error caused by 
the load. (Fig. 2). 

| 





UNLOADED OUTPUT 
WITH COMPENSATED 
ORIVER 


VOLTAGE —= 


COMPENSATION 


LOADED OUTPUT 
WITH COMPENSATION 


OUTPUT 


»———. SHAFT POSITION ——>4 





Fig. 2— Series resistance adjustment to minimize 
loading error. 


PARTIAL REMEDIES 


Fig. 2 shows a restriction of the usable 
portion of the pot to the relatively flat 
portion of the curve. This requires trim- 












A B NULL Cc 
THIS POT 
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FOR 100:1 
LOAD ) 
1000° en © ©” 000 
8 
DIAL READS DIAL READS DIAL READS 
9.00-10.00 0.00- 10.00 00.0- 100.0 


(A) 


THESE TWO POTS ARE GANGED 
& PHASED OVER ENTIRE RANGE 








100 000 NULL 
DETECTOR 
CORRECTE 
co! D 
FOR 100:1 co | (AS 
LOAD ce 
~ 
1000 20000 
DIAL READS DIAL READS 
0.00- 10.00 00.0- 100.0 
(8) 


Fig. 1— Electronic slide rule for multiplication (A) 
and for squares and square roots (B). 


THE ELECTRONIC 
SLIDE RULE 


Electronic slide rule. (Fig. 1) was designed 
to illustrate this correction method in an 
actual application. It is not possible with- 
out two features found only in Borg’s 
900 Series, accurate load correction over 
the entire range of 0 to 100%, in pot A, 
and absolute linearity on all. pots. The 
ganged assembly of pots A and B shown 
in (B) phased over entire range, illus- 
trates another valuable feature of the Borg 


900 Series Micropot Potentiometer. 





LOADED 
OUTPUT 
WITHOUT Rp 


LOADED 
OUTPUT 
WITH Rp 


OUTPUT VOLTAGE —=— 


k+-——— SHAFT POSITION ——> 





Fig. 3—Preloading to minimize loading error. 


ming resistors and at best makes use of 
less than 3% of the total rotation. 
Another method is to tap the resistance 


ELECTRONIC SLIDE RULE ILLUSTRATES 
SUPERIORITY OF BORG MICROPOTS 


wire at the point of maximum load error 
and make straight line approximations 
by use of a padding resistor (RP), Fig. 3. 
Load error is not entirely eliminated and 
the cost of the tap, selection and installa- 
tion of the trimmer, is substantial. 


THE BORG METHOD 


The Borg method of eliminating load 
error is made possible by the design of 
the Borg 900 Series Micropot. Loading 
error correction is built into the potenti- 
ometer by means of an integral nonlinear 
actuator contact drive. It is computed to 
introduce motion equal in magnitude and 
opposite in sign to the error of a given 
load ratio. (Fig. 4). 

This method provides accurate load cor- 
rection over the entire range of 0 to 100% 
without trimming or tapping. Dual cor- 
rection can be made when the application 
requires positive and negative values from 
a center tap. 


LOADED 
OUTPUT 





}— SHAFT POSITION ——~1 





Fig. 4— Compensated drive to offset loading error, 
100:1 ratio. 


BORG 900 SERIES 
MICROPOTS ACHIEVE 
OPTIMUM PERFORMANCE 


Borg has designed the 900 Series to 
achieve optimum electrical and mechanical 
performance and to meet the most severe 
environmental conditions while present- 
ing to the equipment designer a highly flex- 
ible unit to fill a vast range of applications. 


Write for complete engineering data 
Catalog BED-A56 


BORG EQUIPMENT DIVISION | 


THE GEORGE W. BORG CORPORATION 
JANESVILLE, WISCONSIN 
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cewtsé. Designing for Product Improvement 
With WILCO THERMOMETAL 


Thermometal (thermostatic metals) 4. Sequence Control by Functional 
are laminations of two or more different Heating, as in electric circuit breakers aide 
metals with unequal coefficients of ex- for overload protection. 

pansion. The difference in rate of expan- 

sion causes them to change shape with 

changes in temperature and, if re- Sy THE RMOME TAL 
strained, to build up force. 

This basic fact is of great industrial 
importance, for it makes possible the 
application of Thermometal in indicat- 
ing and controls devices in 4 broad 
categories. 


thermostatic metals. 





According to the application, the 
selection of Thermometal is generally 
governed by four performance factors: 


1. Temperature Indication, aS in 
Thermometal thermometers. 








1. M red 
F, 800° 
Thermometal can be rolled to any 2. Ter C 1Xi 
desired thickness and formed into al- ed: 5 
most any shape, and still respond to I 
Trt ROM TAL temperature changes. For this reason it 
is a unique thermal element, which | 
functions without linkages, seals, spe- 3. Defi red 
2. Temperature Control, aS inelectric cial mountings, and in most applications 4 | 


irons, toasters, or room thermostats. without electrical energy. Thermometal 


can be made to perform simple flexing 
motion, rapid snap action, and rotary 
or twisting motions. Four basic shapes 
are used alone or in combinations to 
obtain these motions: 


The H. A. Wilson Company is the 
American pioneer in the development 
and manufacture of thermostatic metals. 
We produce over 40 metals for this use. 
Also we make a complete line of electri- 
cal contacts for use with Thermometal. 

Reprints of this series are available 
on request. For further information 
about our products, ask for the Wilco 
Blue Book, the most complete reference 
manual ever written on Thermometal. 
And if you have 
an immediate ap- Ap= 
plication problem id 
2. SIMPLE BEAM for Thermometal SLUE 800K 
or other Wilco 
products, please 
tell us. Our engi- 
neering service is 
at your disposal. 





1. CANTILEVER 


3. Temperature Compensation, aS in 
automotive heat manifold control. 





é wa 


THERMOMETAL THE H. A. WILSON COMPANY 


See 2655 U. S. Route 22, Union, New Jersey 

COMPOSITE METALS Branch Offices: Chicago * Detroit * Los Angeles * Providence 

SPECIAL PURPOSE s 

ALLOYS ENGELHARD (NOU STRIES 
READER INQUIRY SERVICE CARDS. PRECEDING BACK COVER 


63 





THESE g FEATURES MAKE NEW R & M ARMATURES OUTSTANDING 


All coils are wound simultaneously. 
Coils are exactly identical, assuring 
identical electrical and physical char- 
acteristics. Conventional methods pro- 
duce windings with individual coils 
having varying amounts of wire and 
gonsequent non-symmetry. 


Armature coils are uniformly positioned 
and anchored securely. Interlocked 
winding pattern. resists conductor and 
coil end movement. This unique con- 


struction minimizes abrasion of wire 
insulation, a common cause of high 
speed armature failure. 

2 

Maximum coil end exposure resulting 
from distinctive winding pattern permits 
maximum heat dissipation. Lower tem- 
peratures prolong armature life. 
More uniform electrical characteristics 
reduce arcing at brushes, improving 
commutation and prolonging brush life. 


ROBBINS 


SPRINGFIELD, OHIO 


Fans 


CONVENTIONAL 


MYERS, ine. 


BRANTFORD, ONTARIO 


Q 2 /F 0 & 


Motors 


© 
Hoists Moyno’ Pumps Propellait (Industrial) Fang 
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R&M PRECISION 
MACHINE-WOUND ARMATURES 


can improve your product’s performance ! 


A new basic development in armature winding technique, perfected by Robbins 
& Myers, now produces armatures for Universal or Series Motors which are 
superior to those heretofore available for original equipment manufacturing. 
The new R & M armature winding machine winds all coils simultaneously 
... uniformly positions them . . . and the coils are physically and electrically 
identical! Weaknesses inherent in armatures wound by conventional methods 
are eliminated. The new R & M machine produces armatures of finer, more 
uniform construction which will give longer, more dependable service! 


Contact a Robbins & Myers representative for additional details on R & M 


universal motors and series motor parts 
or write for Bulletins 444-EM and 455-EM. 






AUTOMATION AT R & M SPEEDS ARMATURE 
WINDING AND IMPROVES ELECTRICAL AND 
PHYSICAL QUALITIES OF PRODUCT, 
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Problem: To produce a rugged, one-piece, 
weatherproof magneto frame for Inter- 
national Harvester farm tractors. Five 
separate magneto parts must be incorpo- 
rated into the body of the casting, and 
accurately positioned to meet exacting 
tolerances of the final assembly. Must be 
designed for fast, economical production. 


Solution: Working closely with IHC, 
Stewart Die Casting engineers developed 
a “slide die” consisting of an elaborate 
system of cores, slides and positioners. 
This intricate arrangement holds the two 
magnetic field pieces, the two magnetic 
pole pieces, and the bearing race in exact 
position while the metal is injected 
around them in the die. The result was a 
precision casting that can be produced 
economically with a minimum of rejects, 
and give dependable performance under 
all conditions. 


found the solution 


and made delivery on time! 


This is just one of many complicated die castings that 
Stewart has developed promptly ... and produced in 
quantity at low cost. 


Nearly half a century of experience, plus unex- 
celled production facilities, enables Stewart to offer 
fast, practical solutions to any die casting problem. 

Whatever type of die casting you need— large or 
small, simple or intricate — you can count on Stewart 
for a quality job... delivered on schedule! 


pee a 


. wu ore CASTING WARNER 
Division of STEWART-WARNER CORPORATION 
Chicago, Illinois: 4535 Fullerton Avenue + Bridgeport, Connecticut: 275 Warren Street 
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TECHNIQUES ons DEVELOPMENTS 


in oscillographic recording 





PHASE SENSITIVE DEMODULATOR PRE- 
AMPLIFIER PROVIDES A DC VOLTAGE 
PROPORTIONAL TO AN INPHASE COM- 
PONENT OF AN AC VOLTAGE WITH 
RESPECT TO A REFERENCE. 


voltage component is often necessary in per- 
formance studies of servo systems or of suppressed 
carrier signals over the carrier frequency range from 
60 to 10,000 cps. In such cases the demodulator 
responds to haeeen signals and rejects quadrature 
signals. 





Te: measurement of the amplitude of an AC 


A circuit with these char- 
acteristics for use in an oscillo- 
graphic recording system can be 
seen in the Model 150-1200 
Servo Monitor (Demodulator) 
Preamplifier. It was developed 
by Sanborn as one of twelve 
interchangeable, plug-in front 
ends for “150” Series equipment, 
to be used with the appropriate Driver Amplifier- 
Power unit in any ae of a “150” system. 
Elements comprising the circuit from input to out- 
put, include: compensated stepped attenuator and 
cathode follower input circuit, phase inverter, push- 
pull mixer and demodulator stages, differential DC 
output amplifier and low pass filter. In addition, the 
chassis contains a VTVM to facilitate accurate 
adjustment of the reference voltage, and an overload 
indicator which lights a warning lamp when exces- 
sive quadrature voltages exist. 



















Adaptability to a fairly wide variety of applica- 
tions is accomplished through broad input voltage, 
reference voltage and frequency ranges. In order, 
these are 50 mv to 50 v (for full scale 5 em deflection), 
10 v to 125 v; 60 cps to 10ke. Rise time with low fre- 
quency plug-in demodulation filter is 0.1 seconds; 
with high frequency filter, 0.01 seconds. Quadrature 
rejection is better than 100.1; for carrier frequencies 
up to 5000 cycles. 

Two representative uses of the Servo Monitor 
Preamplifier are in the design and adjustment of 
servo systems, and with instruments used in the 
design, development or adjustment of other appa- 
ratus. The first is illustrated by use of the Pre- 
amplifier and associated equipment in the recording 
of the output shaft amplitude and driving frequency 
of an AC positional servo; the second by recordings 
made with a similar setup of the difference between 
output signals from a gyroscopically-controlled sta- 
bilizing device and the “pitch” and “roll” signals 
generated by a “Scorsby Table” used for testing the 
device under dynamic conditions. 































For a detailed discussion of the principles and design 
considerations involved in the Servo Monitor Pre- 
amplifier, refer to the February, 1955 issue of the 
Sanborn RIGHT ANGLE, for Dr. Arthur Miller's article on 
“Measurements with the Servo Monitor Preamplifier.” 














BASIC 

FACTORS 

IN SELECTING 
OSCILLOGRAPHIC 
RECORDING 
EQUIPMENT 


HEN considering any oscillographic system or equipment 

for your application, three useful “‘yardsticks’” to apply 

are (1) the recording method, (2) equipment adaptability, 
and (3) variety of equipment available. Here are the answers 
to the three, as they apply to Sanborn systems. In the record, 
rectangular coordinates accurately correlate multiple traces, 
simplify interpretation and eliminate errors. Permanent traces, 
produced by a hot ribbon stylus without ink, provide sharp 
peaks and notches, and clearly reveal all signal changes. One 
percent linearity results from current feedback driver amplifiers 
and high torque galvanometers of new design; maximum error 
is 4% mm in middle 4 cm of chart, 4% mm across entire chart. 
From the standpoints of “‘adaptability” and “‘variety’’, Sanborn 
150” equipment offers the versatility of 13 different plug-in 












front ends for any basic system . . . the choice of one- to eight- 
channel systems ...the variety of nine chart speeds, timing 


and coding controls, console or individual unit packaging . . . 
availability of equipment as either complete systems or indi- 
vidual amplifier or recorder units. 


The purpose of the foregoing information is to better acquaint 
industry with typical oscillographic recording problems and 
their answers, design considerations in Sanborn equipment, and 
basic data on what Sanborn makes and how it is being used. 








Technical literature and engineering assistance on specific prob- 
lems are always available from our engineering department. 


i 
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ORDINARY LAMINATE 
AFTER BLISTER TEST 


NEW COPPER-CLAD MICARTA 
AFTER SAME TEST 


New copper-clad MICARTA* 
takes dip solder bath without blistering! 


New H-3032 copper-clad MICARTA® cuts costs 
and production time of printed circuits. Copper- 
clad MICARTA speeds up soldering, without the 
normal accompaniment of an increase in rejects 
and missed connections. It can be cold punched 
without cracking or chipping. 

The laminate won’t blister even when dip 
soldered for 10 seconds at 500°F! Examine the 
two close-up photographs. One shows an ordi- 
nary laminate after a laboratory test. Note 
the blistering, then look at the MICARTA dip 
soldered for the same length of time—and 
there is no blistering! 

A special adhesive is used which has the same 


high electrical properties, solvent resistance and 
low moisture absorption as the MICARTA 
laminate itself. Actually, adhesive strength is 
increased during soldering. 

Because of a new adhesive process, copper- 
clad MIcaRTA keeps its high bond strength— 
from 10 to 13 pounds versus an industry stand- 
ard of six pounds—even after heating and 
cooling is repeated many times. This is especially 
valuable for electronic circuits. 

Copper-clad MICARTA may be the answer to 
your circuit assembly problem. Write for further 
information and technical data to Westinghouse 
Electric Corp., MicartTa Div., Hampton, S. C., 


J-06624-X 


you CAN BE SURE...1F its Westinghouse 
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fantastically 
uniform 


Change — Per Cent 







ee Average percent resistance change 
after temperature tests (5 cycles 
from -55°C to 85°C) on samples 
regularly taken from production of 
over two billion Allen-Bradley 2 
watt resistors. 
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Graph showing the consistency of resistance change in 2 watt resistors in all resistance values from 10 ohms to 
100 megohms during humidity test at 95%, 55°C for 113 hours. 


billion after billion! 


To maintain this uniformity, Allen-Bradley quality 
control engineers take samples of resistors from produc- 
tion continuously and test them. The results of these 
tests, as shown by the graphs on this page, are amazing. 
One graph, covering 1248 tests of samples from produc- 
tion totaling over two billion resistors, shows an average 
resistance change of only 14 of 1% after five cycles from 
-55°C to 85°C! Another graph, plotting production sam- 
pling of 100 millien resistors in a humidity test at 95%, 
55°C for 113 hours, shows only a slight deviation in 
resistance. 

2 WATTS So far as electrical characteristics and mechanical 
configuration are concerned, Allen-Bradley resistors have 
no equal. That’s why they are so decidedly preferred by 
electronic engineers throughout the world. 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. 
In Canada—Allen-Bradley Canada Limited, Galt, Ont. 


Allen-Bradley fixed resistors are 


7 Dh 
available in 1/10, 1/2, 1, and 2 watt ALL 'N =9BR AD LEY 


sizes, in all standard RETMA resist- 


coiaaieaees HOT-MOLDED\COMPOSITLON RESISTORS 





PIM (ley) 


HIGH TEMPERATURE 


SOLDER SEAL 


@ Here’s a line of composition resistors that assures 
you virtually ideal characteristics plus complete 
freedom from catastrophic failures. Because of their 
ceramic enclosure and high temperature hermetic 
end seals, these hot-molded composition resistors are 
unaffected by humidity and moisture. Furthermore, 
they have an extremely low noise level. All micro- 
phonic noise, occasionally encountered in composi- 
tion resistors due to shock and vibration, has been 
eliminated. Their unusual rugged construction, and 


CERAMIC TUBE 


road 
HOT-MOLDED 
INSULATION 


MOLDED RESISTANCE 
ELEMENT 


ewer naie 


composition resistor... 


HERMETICALLY SEALED / 


uniformity of size and configuration make these 
resistors ideal for mechanical handling. 


Special techniques have made it practical to in- 
crease the operating temperatures beyond the rating 
heretofore considered “good practice.” The Type ES, 
1 watt resistor can be operated safely at 165° C with- 
out load; the Type TS at 110° C under the same 
conditions. Available in tolerances of 2% and 5%; 
in resistance values from 2.7 ohms up. 


Write for Technical Data 


Allen-Bradley Hermetically 
Sealed, Hot-Molded 


Composition Resistors, Type TS 





ALLEN-BRADLEY 


RADIO, ELECTRONIC, AND TELEVISION COMPONENTS 








How Rollpin cuts assembly costs 


by matching the insertion method to the assembly problem 







It’s as easy to insert a Rollpin® as it looks. And it’s fast any 
way you do it. You can use a hammer, hand tool, power tool 
or automatic equipment. Insertion cost is less because no 
precision drilling or reaming or secondary locking opera- 
tions are required. A hole drilled to normal production 
standards will do. 


Rollpin is a slotted, chamfered, cylindrical spring pin. It 
locks securely in place—and can be drifted out and reused 
over and over again. Rollpin replaces taper pins, straight 
pins and set screws; for many applications it will serve as a 
rivet, dowel, hinge pin, cotter pin or stop pin. 


TYPICAL INSERTION AND REMOVAL FORCES IN STEEL 
FOR .250” DIAMETER ROLLPIN 
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LENGTH ENGAGED — INCHES 






1000 


FORCE — LBS. 





WHY ROLLPIN IS SELF-LOCKING. Here is graphic evidence of 
the forces that make Rollpin a truly self-locking spring type fastener 
that will remain tight under vibration until deliberately removed. 





aed eee ee eh ek 
Niet > | COR PORATION OF AMERICA 
4 
EQUIPMENT ; PO 
j Dept. R45-322, 2330 Vauxhall Road, Union, New Jersey 
a Please send me the following: 
(] Rollpin installation data _] Here is a drawing of our fastening 
problem. What insertion method 
| would you suggest? 
| 
| Name Title 
I ‘ 
irm 
1 
Street ‘a 
Presonues | City Zone State 
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“AMAZING (818, ARCRAET-CUN 
MOTOR DELIVERS 


37 HP FOR 10 SECONDS/ 


GENERAL ELECTRIC HAS PACKED POWER PLUS 
INTO THIS AIRCRAFT MOTOR. THIS COMPACT 
400 CYCLE MOTOR OPERATESAN ALL- ELECTRICALLY 
POWERED AIRCRAFT GUN DELIVERING 37 
HORSEPOWER FOR IO SECOND FIRING INTERVAL 


..OR TWO HORSEPOWER PER POUND OF MOTOR! 
SOME UNUSUAL DESIGN FEATURES? cousLe Rotor 


CONSTRUCTION PERMITS UTILIZATION OF SINGLE 
OR DVAL POWER SOURCES; USE OF NEWLY DEVELOPED 
G-E INSULATION SYSTEM PROTECTS AGAINST 
INTENSE HEAT > AND SPECIAL ROTOR 
CONFIGURATION PROVIDES HIGH STARTING 
G4. TORQUE AND HIGH OPERATING EFFICIENCIES. 


THIS SPECIALLY COOLED GE MOTOR OPERATES WHERE 
DEPENOABILITY CAN MEAN LIFE ITSELF LS 


THIS G-E MOTOR DRIVES A VENTILATOR TO 
EXHAUST WELOING FUMES WHICH CAN PROVE 
DEADLY IN THIS UNDERGROUND CABLE TUNNEL— 

OR IN A SHIPSS HOLD OR ANY ENCLOSED AREA. 
DEPENDABILITY IS IMPERATIVE. DESIGN OF THE 
TOTALLY-ENCLOSED MOTOR (TO GE MOUNTED Li 
INSIDE BLOWER) POSED THE PROGLEM OF . 
DISSIPATING MOTOR HEAT. G-E ENGINEERS 
SOLVED THE PROBLEM BY BUILDING THE MOTOR } 
WITH SPECIAL HEAT- DISSIPATING RIBS. AN 
INTERNAL FAN TRANSFERS HEAT FROM THE 
WINOINGS WHILE THE BLOWER ITSELF BRINGS 
COOLING AIR OVER. THE RIBBED HOUSING. 
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AVAILABLE : COMPLETE 
SMALL MOTOR ENGINEERING 
ASSISTANCE FOR YOU/ 


HERES THE SPECIAL 
m ATTENTION YOUR SMALL MOTOR 
PROBLEMS GET AT G.E. 











a 
YOUR LOCAL G-&E APPARATUS 
SALES ENGINEER LEARNS ALL 
ABOUT YOUR MOTOR NEEDS. 





HE CALLS A TEAM OF 
FACTORY ENGINEERS WITH 
YEARS OF MOTOR 
APPLICATION EXPERIENCE. 
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AMPLIOYNE-CONTROLLEO 5 
MECHANICAL ARM HAS FINGERS THAT AT THEIR DISPOSAL ARE 
TWIST STEEL OR MANOLE AN EGE G.E4S COMPLETE DEVELOPMENT 


ANDO TESTING FACILITIES. 
) A G-E MULTIPLE AMPLIDYNE SET CONTROLS THE 
MUSCLES OF OMAN, AN OVERHEAD MANIPULATOR 
BUILT BY GENERAL ELECTRIC. O’MAN CAN KNOT 
STEEL GARS, YET DEMONSTRATES A DELICATE TOUCH 
WHEN IT LIFTS AN EGG WITHOUT BREAKING IT. 
O’MAN 1S THE WORLDS LARGEST MECHANICAL ARM 











BUILT TO SUBSTITUTE FOR HUMAN BRAWN IN 7 ae 
RADIO-ACTIVE AREAS. IN SHORT ORDER A SAMPLE 
, G-E MOTOR IS READY FOR 


AMPLIDYNES PROVIDES 2070 1SPEED CONTROL, 
DYNAMIC BRAKING, CURRENT LIMIT OVERLOAD 
3 PROTECTION, AND ADEQUATE AMPLIFICATION TO FOR THIS COMPLETE HELP. 
: KEEP CONTROLLER SMALL. CONTACT YOUR NEARBY G-E 
APPARATUS SALES OFFICE. 


WRITE FOR MORE INFORMATION COVERING G-E EQUIPMENT DESCRIBED 
IN THIS AD TO GENERAL ELECTRIC CO,, SECT 633-3, SCHENECTADY 5,N.% 


GENERAL @@ ELECTRIC 
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to interconnect... 


KELLER 
Qine-lhhafi TOOLS 


Provide the fastest, lowest-cost method. 


Solderless, wrapped connections are made by wrapping the wire 
around a terminal with sufficient tension to create a permanent 
electrical and mechanical bond. Interconnecting components 
with this method will save both time and material. It will pay 
you to investigate the manufacturing economies Keller ‘‘Wire- 
Wrap” tools can bring. 





See this NEW IDEA 


. .. and its application to auto- 





mation of radio and television ane e Uniform connections. . . pow- e Less rejects . . . stable connec- 
wiring at the er tool cannot be manipulated tions maintain contact under 
to vary results. stresses of assembly, installa- 


I.R.E. SHOW 


ia hd ie 
e Material savings... no solder, tion, shipment and operation 


New York Coliseum screws, clips required. e Easy to use. . . short operator 
7 : : ] i i i - 
a> > Me e Faster ...less time required to Seer. pariod to attein pro 
- make connection, reduced in- F 
spection time. Write for Bulletin 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN CONSTRUCTION, MINING, PETROLEUM AND GENERAL INDUSTRY 


GARDNER - DENWER 


KELLER TOOL division, Grand Haven, Michigan 
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SIZE O SIZE 1 SIZE 2 SIZE 3 


SIZE 4 


CLARK Type CY Starters now available in sizes 





With the addition of the new size 4, the famous 
CLARK line of Type“CY” Magnetic Motor Starters 
now comprises the full range from 0 to 4. This 
means that Clark starters of the proven “CY” design 
incorporating vertical lift magnets are now avail- 
able for more than 95% of industry’s AC require- 
ments. For installations requiring sizes 5 and larger, 
Clark will continue to supply dependable clapper- 
type starters. 


Clark Type “CY” starters have many outstanding 
design features for more dependable operation, less 
maintenance and longer life. For example—rugged 
construction with twin-break contacts means more , , — , 
trouble-free service ... contacts can be inspected Revolutionary arc-quenching principle is an exclusive 


: : feature of all Clark Type “CY” starters sizes 2 and larger. 
without tools ... movable and stationary contacts It combines twin-break contacts with strong multi-turn 


can be removed and replaced quickly, coils changed magnetic blowouts which force the arc to rotate—alter- 
and the entire magnet assembly removed—all from nately lengthened and confined—so that it moves 


° ° continuously from a hot to a cold spot on the contact 
the front—without special tools and without surfaces. This practically eliminates metal build-up or 
removing the starter from the cabinet or panel. pitting and greatly increases contact life. 





For complete information contact your nearest Clark sales 
office or Clark distributor, or write us direct. 


Jee CLARK € CONTROLLER Compared 


Everything Under Control 1146 East 152nd Street . , Cleveland 10, su al 






IN CANADA: CANADIAN AE ss LIMITED e MAIN OFFICES AND PLANT, TORONTO 
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MICRO SWITCH Precision 


--. FIRST IN PRECISION SWITCHING 


cerita 





HOW MICRO SWITCH 


ENGINEERING SERVICE 
can keep a small switch from becoming 


a BIG PROBLEM 


in your design 


MICRO SWITCH Engineering Service 
is a two-way street. Field engi- 
neers and factory engineers work 
together to make sure you get the 
right MICRO SWITCH precision switch 
for your application. 


This teamwork between experi- 
enced switching specialists assures 
that the precision switches you in- 
corporate in your equipment are 








MANY 
CIRCUITS 
WITH ONE 
MANUAL 





CONTROLS T 
‘8 | 
| 
1 


Lt 





the right switches for your applica- 
tion and will give reliable, 
dependable, day-in, day-out service. 


You can take advantage of this 
teamwork by calling MICRO SWITCH 
today. Switching specialists —with 
close contact at the world’s largest 
headquarters for precision switches 
—are available at branch offices in 
key cities. 





FOR PRECISE 
2 PERFORMANCE 
UNDER MOST 
EXTREME 


ACTUATION 
THROUGH 
MILLIONS 









MOTION 


This three-position, rotary-type 
toggle switch offers all the advan- 
tages of a toggle switch mechan- 
ism with longer operating life and 
better detent ‘‘feel.’”’ Shown is a 
four-pole double-throw switch with 
12 terminals. It is maintained in 
all three actuation positions, on- 
off-on. This switch can handle a 
high electrical load and has passed 
severe tests for impact, shock, ac- 
celeration and vibration. 
(Send for Data Sheet 112) 
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OF OPERATIONS 







Adjustable lever actuator permits 
close adjustment of switch operat- 
ing point without removal from 
mounting. It provides unusually 
reliable service on such equipment 
as timers, computers or other mul- 
tiple-mounted devices which re- 
quire precise, unerring operation 
through millions of operations. 
Available with normally open, nor- 
mally closed double-throw or split- 
contact circuitry. 

(Send for Data Sheet 100) 









































CONDITIONS 


MICRO SWITCH ‘‘EN’’ switches 
are capable of reliable, long-life per- 
formance under extreme environ- 
mental conditions. They are com- 
pletely sealed, cylindrical and can 
be mounted wherever a through 
hole can be provided. Variations of 
the “‘EN’’ are capable of actuation 
by almost any means. Available in 
choice of four different contact ar- 
rangements. Equal in performance 
to many switches twice the size. 
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Switches have uses unlimited H 





Switches put “THINK” 
into this press transfer feed 


Here is a typical example of how a manufacturer improved his product. 
With MICRO SWITCH Precision Switches designed into the press, blanks 
are loaded and fed automatically, dangerous manual feeding is elimi- 
nated, mistakes are “‘erased”’ without interrupting production. This 
product improvement was due in no small measure to the help of 
MICRO SWITCH application engineers. 


For more information for your de- 
sign engineers, write for Catalog 83. 


4 When a stack of blanks is nearly depleted, 
the descending elevator trips this switch 
which starts a motor and turns the six- 
station turret to the next full station for 
blanks. 





Plunger which picks up the blanks is con- » 
trolled by switches shown. Upper switch 
stops the press if the blanks do not reach 
level of gripping fingers. Switch at left 
brings new stack of blanks into position. 

If stack doesn’t come into pesition, the 
third switch stops press. 





4 When two blanks stick together and feed 
into the press they trip this switch which 
actuates a solénoid and opens a trap door 
in the press bed. The blanks fall through, 
the press goes on uninterrupted. 





SWITCH “REMEMBERS” CIRCUIT 
WHICH WAS LAST ACTUATED 


This is the first of a new series of ‘“‘electrical mem- 
ory”’ toggle switches. The switch indicates through 
a pilot light or buzzer which circuit was last actu- 
ated. The assembly uses one pole of its four-pole 
circuitry to indicate which circuit was last operated. 
Use of this switch simplifies basic circuit designs of 
radar units, computers, aircraft control panels and 
other similar devices. Seal prevents entrance of liquids and dust. 
Basic switches are Underwriters’ Listed at 5 amperes 125, 250 volts 
a-c, d-c rating at 28 volts-3 amperes at sea level, 2.5 amperes at 50,000 
feet (inductive); 4 amperes at sea level and 50,000 feet (resistive); 
maximum inrush, 15 amperes. 











eae 


THIS 

ba re SWITCH 
~"®8—_| operates 

RELIABLY AT TEMPERATURES 
FROM —SO° TO +1000° F 


Use of laboratory-tested, heat-resist- 
ant materials makes this switch an ex- 
tremely dependable component for use 
in applications where high tempera- 
tures are present. It will operate sat- 
isfactorily in a temperature range of 
—50° to 1000°F .. Contact arrangements 
are single-pole double-throw. Switch 
is available in panel-mount design 
(shown) or with pin- or roller-plunger 
actuators. 


(Send for Catalog 77) 


A TWO-CIRCUIT 


ei 
SWITCH $ 


3 
WITH }-— 4 4 
ACCURATE REPEATABILITY 






This switch uses a snap-action spring 
to provide quick make and break of 
both contacts in each double-break 
circuit. It is Underwriters’ Listed for 10 
amperes 125 or 250 volts a-c; 4% H.P. 
125 volts a-c; 10 amperes 30 volts d-c. 


(Send for Catalog 62) 





TWO SWITCHES OPERATED 
BY A SINGLE LEVER ACTUATOR 


This is an assembly of two single-pole 
double-throw switches. It provides for 
switching of two isolated circuits at the 
same time. The basic units are listed 
by Underwriters’ Laboratories at 15 
amperes 125, 250 or 460 volts a-c; % 
ampere 125 volts d-c; and 4 ampere 
250 volts d-c. 


(Send for Data Sheet 100) 


Visit MICRO SWITCH Exhibit M t C R 0 S W i T C ue | 
Booths 2202-2212 


at the | R E Show 
New York Coliseum 
March 18-21 
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A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY i 
In Canada, Leaside, Toronto 17, Ontorio » FREEPORT, ILLINOIS (“""" | 
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TWO MORE MANUFACTURERS TAKE 





OF THE EXTRA SALES VALUE OF 


THE GRAMIX LABEL 


(PRODUCT OF POWDER METALLURGY) 


THE SIGN OF A QUALITY COMPONENT 


The Gramix label, indicating that a product 
utilizes one or more Gramix parts or bearings, is 
helping to boost sales appeal at the point-of- 
purchase. This seal means that quality compo- 
nents are incorporated in the product. Every day 
Gramix parts are finding more and more applica- 
tions. And for good reason: Gramix alloys have 
excellent bearing and mechanical properties. 
Because of their porosity, Gramix parts can be 
impregnated with oil during manufacture, to 


The Gramix label—available at no cost to you— 
comes to you in handy rolls, with adhesive backing, 
along with an easy-to-use dispenser. Labels can be 


quickly and easily applied (at final inspection, for 
instance) giving your product extra sales-appeal 
for just a few seconds’ time spent. 


make them self-lubricating. Gramix bearings and 
parts are mechanically strong, durable and highly 
resistant to wear. Gramix parts are equal, and in 
many Cases superior, to machined parts and can 
be produced in relatively intricate shapes with 
tolerances as close as .0003”. And best of all, 
Gramix parts are being produced at a fraction of 
the cost of forged or machined parts of similar 
design. It is likely that there is a place for Gramix 
in your products. 









THE 


GRAPHITAR® carson-crapnits +» GRAMIX® sinrereo mera parts +» MEXICAN” ceapuite prooucts 
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ADVANTAGE 















Modern Eskimo fans, manufactured by the 
Bersted Manufacturing Division of McGraw 
Electric Company, Boonville, Missouri, are the 
result of many years’ experience in the manu- 
facture of efficient and dependable appliances. 
Eskimo fans spin on Gramix bearings and 
therefore operate hour-after-hour, day-after- 
day, and year-after-year without fail. Eskimo 
fans carry the GRAMIX label, for added sales 
appeal at the point-of-purchase. Write today 
for your copy of Gramix bulletin No. 21. 





The Thor Speed Drill, produced by Speedway Manufactur- 
ing Company of Cicero, Ill. (Division of Thor Power Tool 
Company) gives professional performance yet sells at an 
“‘amateur” price. Gramix bearings help contribute to both 
the high performance and modest cost of these fine tools. 
The Gramix label assures the user that Speedway power 
tools are tools of dependability. 


These Gramix self-aligning bearings 
are typical of the type being used in the 
Eskimo fans and Speedway drills. 





Write today for this book. Engineering 
Bulletin No. 21 gives the full story on Gramix. 
Be sure to write for your copy. 





" 229 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
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OIL 
TRANS FORMER 
INSIDE VAULT 


Why Build Bomb Shelters 


ONAUTHORIZED for Trangformerg? 


PERSONS. 


KEEP OUT 

















Silicone insulated dry-type trans- 
formers need no vaults, are safer, 
more reliable and less expensive. 


SAFER...no explosion, fire or toxic hazards with 
silicone insulation. 

MORE RELIABLE... silicone insulation is inherently 
more resistant to high ambients, heavy overloads, 
moisture and corrosive atmospheres. 

LESS COSTLY . . . silicone insulation can harness more 
power per pound. That means smaller transformers 
that can be installed close to load anywhere in your 
plant saving space, copper and installation costs. 

... your power distribution system is more efficient, 
more flexible and adaptable with silicone insulated 
dry-type transformers. 


... Silicone insulated dry-type transformers require 
no expensive vaults or special ventilating systems. 
... your maintenance costs drop to almost nothing 
with silicone insulated dry-type transformers. All 
that’s required is an occasional dusting — no liquids 
to replace or filter. 


Where is there a more vital need 
for reliable transformer service 
than in a major commercial 
airport? The greater Fort Worth International 
Air Port uses two Pennsylvania Transformer 
Company units, both 1000 KVA, three phase, 
60 cycles, 150C rise. Insulated with Dow 
Corning Silicones, these dry-type trans- 
formers carry all power for Fort Worth’s 
field and terminal lighting system. Silicone 
insulation was specified because it provides 
a greater guar- 
antee to public 
safety; is more 
dependable, and 
has the overload 
capacity to handle 
emergency loads. 

















Mail coupon today for additional information. 














¥ ———_— — —— eee eee eee eee eee eee eee eee _—_—_ = 

| Dow Corning Corporation, Dept. 45150, Midland, Mich. DOW CORNING 

1 Please send me sources of supply for new Silicone TET REL TaN DOW CORNING CORPORATION 

! (Class H) ( Motors Oo Transformers 

\ MIDLAND, MICHIGAN 

NAME TITLE 1 ATLANTA + BOSTON + CHICAGO + CLEVELAND + DALLAS 
! DETROIT + LOS ANGELES * NEW YORK * WASHINGTON, D. C. 

l COMPANY — ' 

1 CANADA: Dow Corning Silicones Ltd., Toronto 

i ea j GREAT BRITAIN: Midland Silicones Ltd., London 

j — sone evare i FRANCE: St. Gobain, Paris 

Lec A SOSH DRSOR RBS eonennanwa as = | 
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For quickest service in solenoid valves, 
write for Skinner’s Nationwide Stock List 


The Skinner Nationwide Stock List covers the most uni- 
versally applied Skinner Solenoid Valves for air and hy- 
draulic service. All the valves listed are carried by every 
Skinner Stocking Distributor in the U. S. From his stock, 
your own local distributor can quickly meet your require- 
ments. So for your own convenience, we urge you to write 
for this nationwide stock list of Skinner Solenoid Valves. 


Skinner Stocking Distributors are located in all key indus- 


trial areas. If you have a solenoid valve problem, talk to 
the one nearest you. Tell him your requirements in regard 
to port sizes and locations, voltages, pressures, tempera- 
ture conditions, capacities and mountings. Let him show 
you how easily he can select the valve you need. 


For complete information on Skinner’s line of excep- 
tionally long-life 2-, 3- and 4-way valves, write us or 
contact a Skinner representative. Write Dept. 383. 


Skinner Solenoid Valves are distributed nationally 


, Jt " t f ELECTRIC VALVE 


DIVISION Connecricur 
















ONE OF THESE 
WILLDO 


NEW 
TYPEA 


Cte adil l imi) 
WA Size and 
Cost! 





for applications 
requiring 
shorter timing periods, 
+15% accuracy and 


no interlocks Write for Timer Bulletin 9050 


Address Square D Company, 
4041 North Richards Street, Milwaukee 12, Wisconsin 


now...EC&M propucts ARE A PART OF THE SQUARE D LINE 


SQUARE 7) COMPANY 
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SQUARE D TIMERS 
YOUR JOB... f 


Machine Tool 
Standard 
for More than 

20 Years! 


for applications 
requiring 
timing periods 
up to 3 minutes, 
maximum accuracy and COMPARISON TYPE A TYPE B 


. Timing Period 2 to 3 min. 
1 or 2 instantaneous Accuracy £10% 


. Interlocks Max. 2 Double Circuit 
interlocks Panel Space 2%4"x 7%" 


Convertible Y Y 
Delay-On + Delay-Off a - 


Maximum Voltage, AC-DC 600 V. AC only 600 V. AC - 250 V. DC 


ZOOM he Let ble 


ae 
5 
, 
a « 


-_ 
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Each of the various types 


of Mallory wire-wound 
ws power resistors .. . flat, 
Ps tubular, axial lead... 
i. military or commercial . . . 
x comes in a wide range of 
% resistance and wattage rat- 
> ings, with features that 
m) assure long, trouble-free 


7a service. 
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Mallory Power Kesistors 


with the Performance and Ratings You Need 


Need wire-wound power resistors ? Look to Mallory 
for performance to meet your specifications... 
types and ratings to match your circuits. A wide 
line gives you extensive selection. 


RW Military Types to meet the requirements of 
MIL-R-26B, characteristics G and V, include classi- 
fications RW20 through RW24, RW29 through 
RW39 and RW49. Each is available in a broad 
range of resistances and wattages. 


Commercial Vitreous Enamel Tubular Resistors cover 
wattage ratings from 3 to 200 watts. 


Axial Lead Resistors, 4 and 7 watt sizes, are espe- 
cially designed for economical use in television 
and other commercial electronic applications. 


Adjustable Vitreous Enamel Resistors, in ratings 
up to 200 watts, feature a special construction to 


Serving Industry with These Products: 


Electromechanical—Resistors © Switches ¢ Tuning Devices © Vibrators 
Electrochemical—Capacitors ¢ Rectifiers © Mercury Batteries 
Metallurgical—Contacts Special Metals and Ceramics ¢ Welding Materials 


hold the element securely in place to prevent 
shorting between turns. 


Cement Coated Resistors, designed for use where 
resistance to extreme humidity is not needed, 
offer good service at economical cost. 5 to 200 
watts, in many resistance values. 


Mallory resistors incorporate many design features 
to assure superior life, high physical strength and 
ability to stand thermal shock. The vitreous enamel 
coating is a special, non-alkaline material, sealing 
the wire element in a uniform coating that pre- 
vents entry of moisture and electrolytic corrosion. 


A consultation with a Mallory resistor specialist 
can help you select the types best suited to your 
specific circuit requirements. For data, write to 
Mallory for Catalog 79-8. 


Expect more... oe more from 


are. Ta et 





Parts distributors in all major cities stock Mallory standard components for your convenience. 
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No matter how many you need... 


we offer fast delivery of O-rings! 


Parker can meet amy demand for O-rings. Factory stocks 
(millions of O-rings) are maintained in Chicago, Cleve- 
land and Los Angeles. Large warehouse stocks are 
available at more than 50 Parker O-ring distributors. 
You can get standard sizes of AN, MS, industrial spec- 
ifications, etc., right off the shelf. (And we have over 
296 standard O-ring sizes with many different standard 


Po rker 


Hydraulic and fluid 
system components 
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compounds.) Parker also has the production facilities 
to handle “specials” and volume requirements. 

From Parker you get exactly the right O-ring for 
your specific requirements. Our engineering service will 
help you with any designing problems. We invite you 
to prove by comparison tests how Parker O-rings seal 
better and last longer. 


RUBBER PRODUCTS DIVISION 

Section 523-H 

The Parker Appliance Co. 

17325 Euclid Ave., Cleveland 12, Ohio 


[] Please send O-ring Size Catalog No. 5701 
NAME hited = x 


COMPANY 
ee ee 
CITY. — ’ Saari 
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HOW DESIGN ENGINEERS 


GENERAL 


THROUGH ITS NEW 


- 
CY 


ib 


om dl 


Laboratory with factory-size equipment — that’s the new $5,000,000 G-E metals and ceramics labora- 
tory in Schenectady. From here will come many of the products manufactured by the Metallurgical 
Products Department of General Electric Company, 11131 E. 8 Mile Road, Detroit 32, Michigan. 
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BENEFIT FROM THE RESOURCES OF 


ELECTRIC 


METALLURGICAL PRODUCTS DEPARTMENT 





Solutions to your most pressing problems — 
plus developments ahead of industry trends — 


are now being worked out in our laboratories 






































Because designers needed a metal 
harder and more wear-resistant 
than steel, General Electric brought 
out Carboloy, cemented carbides. 
Because designers needed a more 
powerful magnetic material, General 
Electric developed improved types 
of Alnico permanent magnets. Be- 
cause designers needed better high- 
temperature metals, General Electric 
created new vacuum-melted alloys. 


These, and many other vital prod- 
ucts for design engineers, are the 
result of General Electric’s tremen- 
dous resources of technological 
know-how and skilled manpower in 
the field of metallurgy. They are 
created in G-E laboratories . . . and 
produced for industry by the new 
Metallurgical Products Department. 


This Department is the successor 
to the Carboloy Department, which 
was originally organized to manu- 
facture carbides. It now produces 
such widely divergent metallurgical 
products as hevimet, thermistors, 
and Thyrites varistors .. . in addi- 
tion to chrome and tungsten car- 
bides, and permanent magnets. 


The very range of its products in- 
dicates how the resources of General 
Electric are being put to work 
solving the design engineer’s most 
pressing problems through modern 
metallurgy. 

Perhaps more important, G-E re- 
sources like the new Research Lab- 
oratory in Schenectady, and the 
manufacturing facilities of the Metal- 
lurgical Products Department, are 
now combining their talents to pro- 
duce ahead of the trends and needs 
of industry. 

In the Metalworking Industry, for 
example, this combination of G-E 
resources has already made one such 
contribution: Carboloy Cemented 
Oxide —a new kind of cutting tool 
material with so great a potential for 
super high-speed machining, that 
new machine tools must be designed 
to take advantage of all it offers. 


Developments like these are es- 
sential to industrial progress .. . 
and they are typical of the parade 
of products design engineers can 
expect from the G-E Metallurgical 
Products Department. 


Progress /s Our Most Important Product 
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You can get your core program off the ground now with the 
Burroughs BCT-301. This complete and flexible system for accu- 
rately measuring the operating characteristics of tape wound cores 
is the result of six years of core research at Burroughs. And with 
it, you get the benefit of advanced techniques and procedures 
which are now in everyday use at Burroughs, and are accepted 


practice among major core manufacturers. 


Designed expressly for the individual testing of square loop 
cores, the BCT-301 allows precise control over frequency, pattern, 
amplitude, and rise time of the core driving signal. Thus, you can 
get extremely accurate measurements of the switching time of the 
core as well as the amplitude of the output pulse. And the unitized 
sections of the BCT-301 can be expanded and modified to meet 


new testing requirements as they arise. 


Write for additional details on the BCT-301, or request a 
demonstration of how this new tool can get your core program 


off the ground now. 


specifications 


core low-noise test mounting jig applies tight single turn 
mounting Oops around core for input and output windings. Spe- 
jig: cial electrical and mechanical design minimizes pickup 
by the secondary as well as other disturbances caused 
by air flux. Adjustable pins accommodate wide range 

of bobbin sizes with equal precision. 


pattern Provides extreme flexibility in generating pulse patterns 
generator: applied to core, controlling pulse spacing, repetition 
rate of cycle, and number of pulses in pattern. 


current Two drivers convert voltages from pattern generator 
drivers: into positive and’»egative constant current pulses used 
for driving core. Front panel controls vary current am- 
plitude from 0 to 1.0 ampere; rise time from 0.2 usec. to 
1.0 psec.; pulse duration from 1.0 psec. to 10.0 psec. 


calibrator: Accurately measures currents and voltages. Permits 
measurement of driving current and amplitude of output 
voltage with an error of less than 1%. Used with cali- 


brated oscilloscope, permits highly accurate readings 
of switching time. 


i 


Provides seven regulated d-c voltages. - 























Burroughs Corporation «* ELECTRONIC INSTRUMENTS DIVISION, DEPT. F, 1209 VINE STREET, PHILADELPHIA 7, PA. 


SEE US AT THE I. R. E. SHOW—BOOTHS 1720-1722-1724 
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“28 pails — mounted on racks behind coil-winding machines — are used at a time in fabrication of coils by control manufacturer. 


READER INQUIRY SERVICE CARDS, PRECEDING 


BACK COVER 


Wire passes through tensioning devices and enters the winding machine in the normal manner. Company saves $2500 a year alone 
by ending handling and returning of empty spools. 


$15,000 a year saved by switching 
to Anaconda magnet wire in pails! 


A YEAR AGO, 2 well-known control 
manufacturer's coil-winding depart- 
ment operators used—and replaced— 
60 to 70 spools on machines a day. 
Each change meant production time 
lost . . . and waste of 5 to 50 feet of 
wire on the end of each spool. Empty 
spools, too, had to be collected, 
packed and returned to wire suppliers. 

Then the decision was made to 
switch from magnet wire on spools to 


Anaconda quality wire in pails! 


tropay, these same operators are sav- 
ing the hour or hour-and-a-half a day 
they used to spend changing spools. 
Coil production has increased from 
270 to 320 coils per hour per machine. 
And wire waste is almost nil. The 
Company estimates the change will 
save $15,000 a year. 


THE MAN FROM ANACONDA will 


be glad to show you how Anaconda 
leadership in magnet wire packaging 
can bring greater profit to you, too. 
Let him explain the advantages of 
Anaconda drums, pails, reels . . . and 
how Anaconda’s spool rehabilitation 
program can save you money in the 
winding room. Write or call today: 
Anaconda Wire & Cable Company, 
Magnet Wire Headquarters, Muske- 
gon, Michigan. 57379 


SEE THE MAN FROM ANACONDA 
FoR MAGNET WIRE 
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‘Trangitron 


Transitron's diodes, voltage regulators and rectifiers are designed to operate over 


wide environmental extremes and meet the many varied requirements of electronic 


circuitry. Reliability is assured through hermetic sealing and exacting manufactur- 
ing standards. 


Transitron’s silicon units have established a record of dependability in such critical 
applications as guided missiles and jet aircraft. They feature low inverse leakages 
and high voltage operation and are recommended for high temperature applications 
where germanium and selenium are unreliable. 





VOLTAGE 
REGULATORS 





Maximum 
Current 
Dynamic @ 25°C @ 125°C 

Type Voltage Range Resistance (ma) (ma) 
ini SV-6 5.2- 6.4 20 40 8 
Subminiature SV-9 7.5 - 10.0 15 25 4 
SV-15 13.5 - 18.0 120 14 3 
SV-24 20.0 - 27.0 300 10 2 

® Current ratings up to 2 amps 
Miniature $V-805 5.2- 6.4 20 120 24 

s 
SV-808 7.5 - 10.0 75 15 
oe ee ye ee we 
z 0 - 27. 
®@ Rugged construction 
@ Small size (amps) (ma) 
it Power Sv-905 $2 - 6.4 7 1.6 400 
V-908 5 - 10.0 8 1.0 250 
e mou SV-915 13.5 - 18.0 3.0 6 150 
Axial nting SV-924 20.0 - 27.0 8.0 4 100 
Send for Bulletin TE-1352 


“Leadership in semiconductors’ 


Germanium Diodes Transistors Silicon Diodes Silicon Rectifiers 








RECTIFIERS 
































Maximum Maximum 
Maximum Forward Inverse 
inverse Current Current 
Type Voltage (ma) @ 150°C (ma) @ 150°C 
Mili *1N256 570 200 25 
tary *1N255 380 400 15 
*1N254 190 400 a 
*1N253 95 1000 Ss 
ini TJ40A 400 200 5 
Miniature TJ30A 300 200 5 
TJ20A 200 200 5 
Stud TMG4 600 1000 $ ®@ Reliability at high temperature 
Mounted 1N332 400 400 2 
1N338 100 1000 2 @ High power handling ability 
® High efficiency 
(amps) (ma) High 
ium TR402 400 20 5 
—_ 1N250A 200 20 5 ®@ Rugged construction 
1N249B 100 20 5 
@ Hermetic sealing 
High INGIA 200 38 ; 
Power IN412A 100 35 5 Send for Bulletin TE-1351 
*JAN types specified at 135°C 
Maximum 
Maximum Average Maximum 
Operating Forward Inverse 
Voltage Current Current 
Type (volts) (ma) (ua) @ voits 
(@ 150°C) (@ 150°C) 
ili *1N457 60 25 5@ 60 
Military *1N458 125 25 5 @ 125 
*1N459 175 25 5 @ 175 
High 1N484B 130 50 5 @ 125 
\ 1N486A 225 50 25 @ 225 
\ Conductance i nagga 380 50 25 @ 380 
\ 
\ (@ 125°C) (@ 125°C) 
High *1N251 30 30 10 10 
nema 1N252 20 40 10 @ “ @ Recovery times under .15 us 
y $9G 40 25 10@ 20 
Recovery time .15 usec ey High voltage ratings 
\ 
\ ° 
\ (@ 100°C) (@ 100°C) @ Operation up to 200°C 
\ $6213 200 12 50 @ 175 : 
\ sail & a seo ®@ High inverse resistance 
Fast Recovery time .3 usec 
Switching +9 
tenia aii “s $0 @ 175 ®@ Subminiature size 
$6226 80 35 20@ 60 


Recovery time 1 usec 


*JAN types 


Send for Bulletin TE-1350 





Visit us at IRE Show Booth 3912-14 


‘Ira ngitron Rie a 


wakefield, massachusetts 





Transistors 


Silicon Rectifiers 


“Darkroom test* proves raw camera castings 


High precision of Doehler-Jarvis 
make new cameras light-tight 


Revere-made Wollensak “43” 


8 M/M spool-type turret camera 
Built-in filters provide finger-tip ad- 
justment for three conditions: (1) 
clear shooting (2) haze (3) outdoor 
shots with indoor film. 


Lights! 
Camera! 
Action... 


Our hero(in darkroom above ) 
has just snapped together the 
three die castings that house 
the new Revere-made home 
movie camera shown left... 
snapped them together around 
a tell-tale light. 

The castings are raw... just 
as they come from Doehler- 
Jarvis. Notice no light escapes 
where the housing parts join. 


Even before machining, the seal is light-tight. 

That’s precision for you. The kind Revere Camera 
Company expects and gets from Doehler-Jarvis. 

What’s more, each casting provides, “no-tolerance” 
machining base points. From these points Revere estab- 
lishes all basic dimensions for machining of the camera 
mechanism. They get an accuracy so high they can afford 
to offer a lifetime guarantee on the action. 


Realizes many design advantages 


Revere designs from the start to take full advantage of 
die casting. In most models, for example, Doehler-Jarvis 
is called in while units are still in the hand sketch stage. 

In this instance, details worked out include the use of 
lightweight magnesium; ways to reduce wall thicknesses 
(they’re way thinner than ADCI minimums); location 
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Wollensak “43” Wollensak “815” 
8 MM Spool-type Turret Camera Automatic Slide Projector, 2x2 





Wollensak 42’ Wollensak “715” 8 MM 
8 MM Spool-type Cine Camera Movie Push-button Projector 





Wollensak ‘’23” Wollensak 10° 
8 MM Magazine Turret Camera Stereo Camera 


*Darkroom test illustrates precision of the raw Doehler-Jarvis die castings 
as received for use in the above Revere-made Wollensak cameras and 
equipment. Revere subjects the finished cameras to a much more severe 
4-hour direct sunlight test. You can be sure they’re light-tight. 


fit so closely light doesn’t pass...” 





die castings helps Revere 
even before machining 


of bosses, lugs, corner reliefs; extra back-up for stressed 
sections; tool-ups for machining and finishing; inter- 
changeability between this and other models. All this 
pushes ultimate costs down, quality up. 


Doehler=Jarvis 


Net result is an outstanding camera that is proving DIVISION OF NATIONAL LEAD COMPANY 
itself on the sales counter. General Offices: Toledo 1, Ohio 


Doehler-Jarvis die-casts parts for all Revere-made cam- 
eras and projectors, not only their name line, but also 
Wollensak and other brands. Asked why they prefer die 
castings made by Doehler-Jarvis, Revere put it very 
simply: “rejects almost zero” ... “likewise salvage”... 
“D and J people live with our jobs”. 

Right now Doehler-Jarvis people are “living with” the 
jobs of some 1400 major users of die castings. They’ll 
do the same for you. 


In Canada: 


Barber Die Casting Co. Limited 


Hamilton, Ontario 
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PROVEN PERFORMANCE 
in a hermetically sealed 





ROTARY MOTION 


SWITCH 


10 AMPS @ 125/250 V a-c 
10 AMPS @ 28 V d-c IND. 
15 AMPS @ 28 V d-c RES. 
Simultaneous DPDT without 
adjustment. 







H10-7 SWITCH 
(ACTUAL SIZE) 


The many switching jobs done best by rotary-motion 
limit switches can now be done even better! Electro- 
Snap's new shaft seal gives you positive hermetic 
sealing, simplifies mounting, saves weight and space, 
and provides a full 50,000 cycle minimum life. 


Elimination of external cranks, cams, links, and other 
gear to translate rotary to linear motion (as is often 
done to permit use of hermetically-sealed, lever type 
switches) reduces weight, space congestion, and 
the need for tedious adjustment. This simplicity gives 
you greater freedom in locating interlock and in- 
dicating switches on rotary mechanisms; allows posi- 
tive linkage attachment. 


Ice, altitude; rain, or corrosive atmospheres cannot 
effect this Electro-Snap switch sealed in a dry, inert 
gas. The steel case protects against shocks; prevents 
loss of the hermetic seal—also permits tight draw-up 
on mounting bolts without “springing” the case. 


GET FULL ELECTRICAL AND MECHANICAL DATA 
IMMEDIATELY — WRITE FOR DATA SHEET HIOD-3 


>’ ELECTRO-SNAP 
5 SWITCH & MFG. CO. 
dh 4238 W. Lake St., Chicago 24, Ill. 
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@ A seal — not a packing — bonds shaft 
to case. 


@ Leakage rate LESS than 1 micron per cu, 
ft. per hour! Full rating up to 75,000 ft. 
altitude. 


@ No-slip splined shaft — adjustable or 
fixed actuating arm. 


® Permits 120” rotary travel — a minimum 
of 50,000 cycles! 


@ Long overtravel eliminates need for fine 
adjustment; permits greater flexibility in 
linkage action. 


@ Tough, drawn-steel case. Rigid two-bolt 
mounting. 


—_— 


gO TOTAL TRAVEL > 


phe 


J 
4 
. MOVEMENT DIFF. 
a ws et \- 
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ie 
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MOTOR 






LAMP (motor 
oI \I 


1-2—Remote Lamp indicates when arm is fully returned. 
3-4—Motor driving linkage counter clockwise 120°. 
5-6—Switch stopped motor at predetermined position. 


7-8—Remote lap indicates arm at full travel position. 
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Manufacturers and Users 


CHOOSE 


Ped arionaL BRUSHES 


TRADE -MARK 


\ | =>) for Industrial Truck Motors 


Lower maintenance costs and longer service 
life for expensive equipment — that’s why 
manufacturers and users specify “National” 
brushes for their industrial truck applica- 


tions: traction motors, lift hoist and hydrau- 


lic pump motors. ‘“National” brushes can be 


depended on to deliver superior performance 


under the most rugged service conditions. 


FOR HEAVY DUTY ............ GRADE 549 


FOR LESS SEVERE CONDITIONS. .... GRADE NI 


a 


For specialized advice on any brush per- 
formance or specification problem, call on 


NATIONAL CARBON COMPANY. 





[a 


The term “National”, and the Silver Colored Cable Strand are registered trade-marks of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY -: A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, N. Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 
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TOMORROW: 





A Standard Motor 
That Can Live With Water? 


The New Is Another Step Closer 


Today’s standard motors cannot long endure the water 
conditions shown here. But Westinghouse is working 
toward a standard motor that can “live” with water 
like this tomorrow. 

Meanwhile improved frame design, insulation and 
bearing protection give the Life-Line® “A” more protec- 
tion than ever before. It can withstand more water and 
other contamination than any other motor you can buy. 
It’s industry’s closest approach to a standard motor that 
can operate with or within water—in any amount. 

Your Westinghouse sales engineer can show you many 
additional reasons why the Life-Line “A” is industry’s 
most advanced and preferred motor. Call him today. 

J-21924-A 








New cast-iron frames and brackets utilize the finest 
grained castings with uniformly thick-walled sections 
precisely fitted and sealed—another reason why the 
Life-Line “‘A” is so preferred. 


you CAN BE SURE...iF ITS 
Westinghouse 





Two outer seals of new 4-way sealed bearing act as 
flingers and literally throw off damaging contamina- 
tions. Inner seals, attached to outer bearing race, are 
Stationary and form a positive labyrinth. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 97 





TAKE TWENTY 


BULLETIN 20 tells you why high 
strength, speed and economy 
are inherent in EAsy- FLO 
brazing. Also gives Handy in- 
formation about joint design 
and fast brazing methods. We’ll 
be pleased to send you a copy. 
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EASsy-FLO Brazing Simplifies Multiple 


Joint Design and Production 


Silver brazing with EAsy-FLO makes possible simplicity of design and 
assembly, often abolishing machining operations like stamping, riveting, 
staking and threading. You see here some of a large variety of brass con- 
nectors for radar equipment, manufactured by the King Electronics 
Company, Incorporated, Tuckahoe, New York. All must meet rigid per- 
formance requirements which in turn, establish equally exacting pro- 
duction specifications. 


Many different types of joints are involved. Prime performance require- 
ment of these connectors is unimpaired electrical conductivity, for they 
must in no way impede the current flow of the wires they house. All 
must be 100% moistureproof and gasproof, have high mechanical strength 
and take uniform plating without prior finishing. Joined connectors 
must be perfectly aligned and undistorted. 


Each of these requirements is fully met by Handy & Harman silver alloy 
brazing with Easy-FLo 45 and HANDY FLvux at considerable savings in 
money and time. Savings that warrant your attention, whatever your 
product or production methods. Our experience proves that savings 
through silver alloy brazing can be enjoyed by many manufacturers of 
many different products in a host of industries. This ‘‘King Connector’’ 
story is but one example of how silver alloy brazing meets the needs of 
one product from start to finish. 


It is worth thinking about— worth getting in touch with Handy & Harman 
to find out. We will work with you all the way. 


Source of Supply and Authority on Silver Brazing Alloys 


OFFICES ond PLANTS 
BRIDGEPORT, CONN. 


HANDY & HARMAN =: 


ELEVELANO, O10 
General Offices: 82 Fulton St., New York 38, N. Y. XO ANGELES CAL. 
TORONTO, 
DISTRIBUTORS IN PRINCIPAL CITIES MONTREAL, CANADA 
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SEE HOW EASY THEY SLIP ON, AND OFF! 
Tapered (non-threaded) CaPlugs can be used as caps or 
plugs, inside or outside of threaded or plain fittings. 
Threaded styles are knurled to spin on or off with ease. 
Costing less to buy, they cost less to apply. 


SEE HOW THEY WITHSTAND ACIDS, SOL- 
VENTS, HEAT AND COLD...and keep out dust 


and moisture, too. Dunk a CaPlugged product in any solu- 
tion. Subject it to actual process conditions and temperatures. 
Made of tough, flexible Polyethylene, CaPlugs are imper- 
vious to most common chemical reagents, acids and solvents 
... retain form stability under stress at temperatures from 
94°F. up to 175°F. 


SEE HOW TOUGH THEY ARE. For proof, drop a 
product on its CaPlug...tap it with a mallet...or make a 
trial shipment of parts with CaPlugs applied. You'll find 
that these versatile closures provide “kid-glove” protection 
and will not collapse, chip, break or shred under the most 
severe of conditions. 





SEE HOW EASY IT IS TO GET CaPlugs THAT 


FIT. By mailing the coupon, you'll receive a free sample 
of each of the ten different styles which are available in a 
combined total of over 300 stock sizes. There’s a CaPlug 
that’s right for practically any closure need. You name it! 
“Off-the-shelf” deliveries from a 30,000,000 inventory can 
be made to answer immediate requirements promptly. 
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see how CaPI 
protect yc 







(IN PROCESS GE) 


SX 


by testing a free sample 
assortment like this 


YOU'RE INVITED TO TEST CaPlugs in any 
way you choose. The coupon below will bring a random 
assortment to your desk...plus illustrated literature, com- 
plete details and prices. Reasonable quantities of addi- 
tional samples in specific sizes for testing are also yours 
for the asking (details in literature). 








MAIL THIS COUPON FOR FREE BOX 
OF CAPLUGS, DETAILS AND PRICES 


CAPLUGS DIVISION, PROTECTIVE CLOSURES CO., INC. 
2201-3 Elmwood Ave., Buffalo 23, N. Y. 


RUSH a free assortment of CaPlugs, literature and prices to us, 
without obligation. 








NAME __ Tie 
FIRM _ an 

ADDRESS 

city - ____ ZONE __ STATE 
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qnnounces 
New HT-70 Series 











THE CHOICE OF LEADING 
MOTOR MANUFACTURERS 


Available with motor & 


or floor mountings. 


Rugged, cast housing and components 
for strength and rigid stability required 
for long, hard industrial service. Smooth 
contours blend with lines of modern motors. 


Adaptable for variable shaft length applications. 
Can be used for straight through-shafts. We'll 
supply the hole in the housing if required. 


When you use one of these new HT-70’s with “Any- 
Shaft” design, the shaft can extend right through the 
brake so that you can drive off both ends of the motor, 
and still take advantage of fast, smooth stops. . . in- 
stant, no-drag, single solenoid release. Use of HT-70’s 
will also afford you a new, complete flexibility in your 


replacement motor stocking program . . . no special 


100 
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Positive spring-set action for fast, smooth stops. 
Brake sets automatically in event of power failure. 
Instantaneous, no-drag, 


o single solenoid release. 













Exclusive, visual 


a wear indicator. 


External manual release 
— automatic reset. 


Maximum mechanical 
and electrical 
safety factors. 


Convenient electrical 
connections. Available 
for AC or DC operation. 


ee Easy, one-point 


wear adjustment. 
A screwdriver is 
your tool kit. 


Famous Stearns ball bearing, single solenoid con- 
struction for smooth action, trouble-free life. 


shafts. Note that these new HT-70’s have all the rug- 
ged simplicity . . . the tough, trouble-free qualities . . . 
the same easy, single-point adjustment and mainte- 
nance of all their predecessors. HT-70 housings can be 
supplied drilled for through-shaft operation, or you can 
easily do it yourself, as the housing comes off quickly 


with removal of just two screws. 
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electro- 


ad N E w magnetic e RAK E 


-faster, easier installation 
-greater versatility 





STUB LONGER STRAIGHT 
TD 7 
SHAFT* or SHAFT* THROUGH-SHAFT* Use the HT-70 Series with 


“Any-Shaft” length...drive 
from both ends of motor... 
eases replacement motor 
stocking problems. 





1. *Any-Shaft" design 
2. Complete range of sizes from 10 to 105 Ib ft torque. 


HT-70 Series , Size No Shipping 
For Motor Mounting** ibs ft Type(-9)* 


HT-72-9 y y HT-72-11 
HT-72A-9 ° ' 15 | HT-72A-11 | 
¥ 4 HT-728-9 ~ 1 1K" ” HT-72B-11 
HT-720-9 | 7%" | 1%’ ," 35 | HT-72C-11 
‘HT-74-11 
HT-T4A-11 | 











1544” Max. 
r HT-749 

HT-74A-9 

HT-76-9 %” ‘” i HT-76-11 














HT-76A-9 ~ HT-76A-11 





*(-9) For new motor frame sizes 213 thru 256U with new NEMA “‘C"’ end shields + 1) For new motor frame sizes 284U and 286U with new 


(-1 
NEMA “C” end shields 
** Aiso available for floor mounting = 


Designed to give a greater range of application, more 
flexibility, the HT-70 Series is but one example, one 
small group of over 150 sizes and types of standard 
Stearns electro-magnetic disc brakes available to fit 
rerated NEMA motor frames in sizes ranging from 
1/20 to 100 hp, AC or DC operation. 


Maximum torque ratings are available ranging from 
0.6 to 7,500 lb ft. Vertical, horizontal, motor or floor 
mountings are available in most types. Brakes are 
available in most sizes with explosion-proof, or dust 
and waterproof enclosures. Special or marine fiinishes 
are available. 


For complete electro-magnetic brake, clutch, or combination clutch-brake data, call your local Stearns representative . . . 


or mail coupon direct to. . . 







BRAKES 
gee yp WAU y, 


— ai e 
- 






> CLUTCHES 


—— 
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ELECTRIC CORPORATION 


120 NORTH BROADWAY « MILWAUKEE 2, WISCONSIN 


20 
= — — —_— — — — — — — — — -_ 
Please send: 
(— Further information on HT-70 
Series Brakes. 
0 — Clutch and Clutch-Brake 
data. 
(] Complete Brake Portfolio E 


Name Title 
Company 
Street 


City Zone State 
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Alumalloy Safety Stop 
SWITCHES 


are used in this outdoor installa- ON lt hes Ha) ye las MANUFACTURING ta 


tion-controlling machinery on the 
world’s largest coated-abrasives 
maker, at the Minnesota Mining 
& Manufacturing Co., St. Paul. 

Like so many other manufac- 
turers and users of electrical fit- 
tings, 3M has installed these 
Killark fittings as original equip- 
ment for good reason. They are: 


STRONG 


Alloyed by the exclusive Kil- 
lark Alumalloy process to assure 
well-beyond-the-call-of-duty du- 
rability and resistance against 
breakage. 


RUST & CORROSION 
RESISTANT 


Good for the life of the equip- 
ment on which they are installed 
— never any ugly stains or costly 
rust-outs to worry about. 


LIGHTWEIGHT 


Strong but next to nothing to 
handle. Special aluminum alloy 
adds little to weight of equip- 
ment to which it’s added. 


GUARANTEED 
PERFORMANCE 


Every single Killark fitting 
you use must do everything we 
claim for it (and it will!) — be- 
cause it’s backed by solid money- 
back guarantee. 








FOR THE MOST in performance, long serv- a 
ice and good looks, specify KILLARK. : 
See your Killark Wholesaler soon. 


nia 
-& 





ELECTRIC MANUFACTURING COMPANY 


Vandeventer and Easton Aves. St. Louis 13, Missouri 


Atlanta 69 Mills St., N. W. Dallas 1903 Griffin St.| Philadelphia 2014 Chancellor St. 

SALES OFFICES and aaa - i. o “4 Denver 1073 Galapago | Pittsburgh 4830 McKnight Road 
alo ohnson St. . 

WAREHOUSE STOCKS enon 1528 West Adams St.| Detroit 8319 Mack Ave. | San Francisco 714 Harrison St. 


Cincinnati 49 Central Ave. Los Angeles 412 Seaton St. | Seattle 4130 First Ave., S. W. 


SALES OFFICES Baltimore 11 W. 25th St. Kansas City, Mo. 616 W’. 26th St. | New York 600 W. 18 1st St. 


Columbus 2700 E. Main St. | Minneapolis 826 Andrus Bidg. 
Sales Offices and Warehouse Stocks throughout Canada 


inches 
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Help You Boost 
Product Performance — 
Cut Product Costs 


GENERAL PLATE 
BUTTON CONTACTS... 


SILVER 


7 








BASE METAL 


SILVER 


REET 


we ">. 


MONEL OR STEEL 


Typical General Plate clad projection welding button contacts. SILVER 


BRAZING ALLOY 
Consider the outstanding features avail- 
able to you in G. P. clad projection 
welding contacts: 


@ TRIPLE CLAD CONSTRUCTION. Three ply types have copper between contact face and backing 
for higher specific heat at lower cost — reduces surface temperature — prolongs operating life. 


@ WROUGHT METAL FACES. Contact face materials in both two and three ply types are 
work hardened in manufacture — resist deformation — give more operations - 
better tolerance control. 


@ WIDE CHOICE OF MATERIALS. Contact face materials include silver and platinum group 
metals and their alloys—silver cadmium oxides—refractory metal mixtures. Backing materials 
include steel — nickel — nickel-silver and monel. 


@ WIDE CHOICE OF SIZES. Tremendous assortment of standard sizes available to meet all 
dimensional requirements. 


Back of this unusual product versa- 
tility, is General Plate Division’s team of 
contact experts — ready to help you get 


the best performance at the lowest cost. M ETA LS & CO NTR 0 LS CO R PO RATI 0 N 


Your inquiries are invited. General Plate Division 1903 Forest Street, Attleboro, Mass. 


You Can Profit by Using G. P. Clad Metals 





FIELD OFFICES: NEW YORK, CHICAGO, DETROIT MILWAUKEE, LOS ANGELES 
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LESS SPACE, MORE FLEXIBILITY, WITH GENERAL ELECTRIC’S— 


New Machine Tool and Pneumatic Time- 


Machine Tool Relays Require 
Minimum Mounting Space 


General Electric’s new relays provide 
the installation features and long life 
required by the machine tool industry. 


MINIMUM MOUNTING SPACE is required 
for all the relays—2- through 12-poles. 
New 6-pole-in-line and 12-pole forms 
have the same mounting dimensions as 
the 4- and 8-pole forms respectively. 


INSTALLATION and wiring is performed 
from the front, allowing relays to be 
mounted close together. The captive 
clamp-type terminals can be wired from 
four directions. In addition, contacts can 
be changed from normally-open to 
normally-closed without extra parts. 


RATING is 10 amps, 600 volts maximum, 
a-c. Latched-in for:ns are also available. 


Pneumatic Time-Delay Relays Pro- 
vide High Repetitive Accuracy 


The new General Electric pneumatic 
time-delay relay was designed for ap- 
plications which require a reliable and 
accurate time-delay device. 


FLEXIBILITY of pneumatic time-delay re- 
lay design allows the relays to be sup- 
plied with either one or two instantane- 
ous auxiliary contact units, and one or 
two time-delay contact units. The timing 
head is available separately for use with 
Size 0 through 4 contactors and Size 1 
through 4 magnetic starters. 


HIGH CONTACT RATING of 25 amps 
“make and carry” at 600 volts maximum 
means that supplementary relays can 
often be eliminated. In addition, pneu- 
matic timers can be front mounted and 
wired for further space savings. 


ADJUSTABLE TIME-DELAY permits the 
timer to be set for any time-delay inter- 
val from 0.2 to 180 seconds. Repetitive 
accuracy is + 10%, and is not affected 
by atmospheric conditions. Adjustment 
is made by a simple screwdriver setting 
on the front of the unit. 


DEPENDABILITY results from many built- 
in protective features. A special filter 
mounted in a vertical position in the 
rear keeps dust and dirt out of the air 
port. Also, rigid cast construction pre- 
vents misalignment. 


Relays Used on Pan-A-trol* Panels 


Using machine tool relays, pneumatic 
time-delay relays, and other standard 
control devices, G-E engineers build 
Pan-A-trol packaged control panels to 
meet your requirements and specifica- 


*Trade-mark of General Electric Company 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Lebiabbarl 


G-E RELAYS permit neat panel mounting arrangement. If 
desired, relays and wiring troughs may be mounted closer. 


IIL SLD) 


ha, 
PAN-A-TROL PANELS utilize standard components like 
the new G-E relays, and are factory assembled and wired. 


PNEUMATIC TIME-DELAY RELAYS can be modified easily 
with kits. Also, the timing heads are available separately. 


DelayRelays 


tions. These panels are completely as- 
sembled and wired at the factory; only 
external connections to the machine 
need be made. Pan-A-trol panels repre- 
sent another offering by General Electric 
to simplify the work of design engineers. 
Your nearest G-E Apparatus Sales 
Office can give you complete details on 
General Electric control devices and on 
the Pan-A-trol program. If you’d like 
reference material, write Advertising 
Section 731-11, General Electric Com- 
pany, Bloomington, Illinois, and ask for: 
GEC-1415 and 1416—Machine Tool 
Relays 
GEC-1425—Pneumatic time-delay 
Relays 
GEA-6334—Pan-A-trol panels 
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‘ALIXON 
Protectors Essential for 
Farm Labor-Saving Equipment, 


. » » Says Leading Manufacturer 





vad 
Boe alg 


Since 1883 Starline has been building farm labor-saving ma- 
chinery such as barn cleaners, milking stalls, and hay carriers. 
They know from long experience the value of Klixon Protec- 
tors . . . protection that produces maximum motor capacity 
safely under any overload condition. 


Talking about its new Portable Barn Cleaner, Starline says: 
‘These cleaners are used by farmers out in the country where there 
is always the possibility of low voltage or some mechanical obstruc- 
tion to the operation of the cleaner. We feel that it is essential that 
the motors on our barn cleaners, as well as our other electric labor- 


saving equipment, be protected by built-in Klixon Protectors.” 


Starline has, for many years, specified Klixon overload protec- 
tion built into the motors powering ventilating fans, cattle 


feeders, silo unloaders and other farm equipment. 
aaa LIxO wae! You, too, can keep motors in your equipment operating de- 
®) pendably, reduce service calls and repairs by specifying and 


using Klixon Protectors. The additional cost is low, pays for 
METALS & CONTROLS CORPORATION 


SPENCER THERMOSTAT DIVISION ; 
3603 FOREST STREET, ATTLEBORO, MASS. unnecessary equipment shutdowns. 


itself over and over by protecting against motor burnouts and 


Now There's Something New! In addition to the famous Klixon Protector for single-phase motors, 
you can now get full protection engineered into 3-phase motors with a single, built-in Klixon 
Protector. For full details write for Bulletin MOPR1. 
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Whither Engineers? 


1957 


THE RESPONSIBILITIES CONVERGING UPON the 
engineer, particularly the design engineer, are 
greater than ever before, both as a scientist 
and as a manager of great projects. On the one 
hand we see scientists and engineers working 
alongside each integrated team 
of specialists who often perforce must concen- 
trate in narrow fields in seeking solutions to 


other as an 


ever pressing problems. This narrow specializa- 
tion is particularly true in the military develop- 
ment area. 

The race for supremacy in armaments is 
built on technology. As pushbutton war nears 
and earth satellites are about to be launched 
into outer space, the very survival of the nation 
is going to depend upon the solution of the 
most complex problems ever tackled by design 
engineers. The battle is delineated in terms of 
super materials that will withstand high tem- 
peratures and of components that will function 
under conditions of high and low temperatures 
and extreme shock and vibrations. On the 
systems level the complexity of computers and 
servo systems continues to grow. In the broader 
sense, the basic problems of reliability of indi- 
vidual components and integrated systems call 
for mathematical analysis of a high order in- 
volving the laws of probability. Such problems 
are being met through the development of 
specialists in very narrow fields of technology. 

Quite the contrary situation exists in the in- 
dustrial field. Here the demand is for the 
engineer with the broadest type of training who 
can also function as manager. As such he must 
be conscious of overall problems of the business, 
including marketing. In a recent talk before the 
AIEE, F. R. Kappel, president of American 
Telephone & Telegraph Company, stressed this 
point in calling for three-dimensional engineers. 
The first dimension is the basic scientific educa- 
tion the man obtained in college. The second 
dimension is the growth factor on the job that 
keeps the engineer up to date so that he can 
solve problems arising in new areas of engineer- 
ing. The third dimension Mr. Kappel defined 
as the height that comes from the mingling of 
engineering and management ideas so that the 
engineer becomes more effective in the running 
of the business. If engineering is to be solid, 
it has to have this volume, was the way he put it. 

Big companies are providing their engineers 
with management training courses for this pur- 
pose. And as the need for technology increases 
it seems inevitable that the need for engineers 
in management will continue to grow. This is 


more true of manufacturers of technical products 
than service companies. In either type of enter- 
prise it would be a help to have top manage- 
ment grounded in engineering fundamentals 
and imbued with the professional integrity of 
engineers. 

Manufacturers of consumer products have a 
somewhat different attitude. They would like 
to see engineers develop more of a commercial 
viewpoint. G. C. Larson of Westinghouse’s tele- 
vision-radio division recently 
portance of this attitude in 
“most saleable product.” 


stressed the im- 
developing the 
Basically, to achieve 
consumer acceptance the product must be more 
than well engineered. It needs superior styling as 
well as performance and reliability, and it needs 
to be competitive in both price and features and 
yet be manufactured at a reasonable profit. 

On the part of the design engineer, this 
objective calls for a knowledge of what the 
market has to offer, of market trends, of manu- 
facturing methods and plant facilities, and of 
prices of raw materials. Attainment of a saleable 
product calls for a high order of teamwork of 
the engineering department with others, includ- 
ing sales, product planning, manufacturing, pur- 
chasing and cost departments. This broad gauged 
engineer is one who has a thorough grasp of 
manufacturing costs and sales psychology, as 
well as engineering principles and the economics 
of materials as related to performance and 
serviceability. This breadth of knowledge might 
be called the fourth dimension. 

The designer of industrial machinery must 
be cost conscious too but in a different sense. 
The governing factors in the development of 
automatic production machinery are economic 
rather than technical. That is why plant man- 
agers and production engineers are making 
the broad decisions today regarding the de- 
velopment of equipment for the automatic factory 
—whether to invest the money or not. Automo- 
tive producers are testing out both the technical 
and economic factors in experimental produc- 
tion lines and to this extent are taking the play 
away from the original equipment manufacturer. 
Either way, the equipment designer must be 
cognizant of all the factors influencing decision 
making, and the broader he is in his outlook 
the better. 

The time has never seemed so ripe for 
engineers to assume their full stature in our 
economy. It is for each to decide whether he 
wishes to become a specialist in a narrow field 
or whether he aims eventually to run the show. 


Frank Q C2 ns 


Editor 
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noturol polyethylene insulation 


An 
Electrical | 
Manufacturing 


Staff Researched 
Report 


Three examples of power cable construction 
showing use of polyethylene insulation. 
Material: Du Pont’s Alathon polyethylene. Cable 


manufacturer: Anaconda Wire & Copper Co. 


Jute fillers 


The State of the Art 


Polyethylene as wire and cable insula- 
tion goes back some 20 years to initial 
use as submarine cable dielectric. Since 
the end of World War II, its applications 
have grown widely in scope and variety. 
Above all, its superb electrical char- 
acteristics have motivated its use as 
electrical insulation. In this respect, 
polyethylene has no rival except poly- 
styrene and Teflon. 

But why is there now so much newly 
generated interest, not to say excite- 
ment, in polyethylene? Two reasons 
exist: First, the emergence of new manu- 
facturing techniques that lead directly 
to new types of polyethylene. These 
materials retain the inherent superior 
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qualities of standard polyethylene and 
at the same time introduce improve- 
ments in characteristics that 
limited or barred certain applications. 
Secondly, the growing availability of 
the basic raw material, ethylene. The 
output of ethylene (a refinery byproduct 
or made from natural gas) is projected 
at some 2 million tons annually by 1960. 
Of this output perhaps half may well 
go into polyethylene. If so, polyethylene 
would soar to the top of the plastics 
list, quantity-wise. Of the various large- 
volume applications, wire and cable 
insulation is expected to be one of the 
more substantial items. One industry 
source predicts something like 200,000.- 


those 


Polvethvlene Producers* 


Notural polyethylene insulation 


000 lb in 1960. The future in molded 
parts suitable for component use in 
electrically energized equipment 
although not specifically covered in this 
review, should also be mentioned. Here, 
some new application areas not pre- 
viously feasible may be opened up ow- 
ing to improved physical properties. 

Any report or discussion on polyethy- 
lene is involved with such terminology 
as linear, nonlinear, low density, high 
density, catalysts, irradiation, Ziegler 
method, Phillips process, and so on. 
Here are some capsule descriptions of 
the several processes now being used 
either commercially or under develop- 
ment. 

1. Conventional or High Pressure: 
Developed by Imperial Chemicals 
Industries, Ltd., and licensed here 
originally to Du Pont and Bakelite, this 
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Developments in 


Polyethylene Insulation 


The outstanding electrical properties of 


polyethylene, combined with other su- 


perior characteristics, have won for it 


wide acceptance as insulation for a va- 


riety of power, control, communications. 


and special-purpose wire and cable. Yet 


some deficiencies in properties have lim- 
ited still greater use. Currently. as a 
result of recent research developments 
in basic polymer chemistry. new types 
of polyethylenes with improved proper- 
ties are becoming available. This spe- 
cial report examines the new types of 
polyethylene, re-examines the standard 


materials, and appraises design and ap- 


plication potentials. 


method calls for polymerization of ethy- 
lene under very high pressures of the 
order of 20,000 psi and at temperatures 
of about 400 F using a free radical 
catalyst. The resulting polymer is of 
the nonlinear, or branched type, which 
means that the molecular structure is 
somewhat random. The greater the 
degree of branching, the less is the 
crystallinity or density. Consequently, 
these high-pressure polymers tend to be 
low-density materials. This is perhaps 
an oversimplified way of describing 
the physical chemistry of the polymer. 
since other parameters are involved. but 
it is sufficient for the purpose of this 
introduction. The polyethylene produced 
by this method is the waxy, opaque. 
solid material we have been familiar 
with as film, as wire insulations and 
as molded products. 
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ALEX. E. JAVITZ 


Special Features Editor 


RESEARCH, DEVELOPMENT AND APPLICATION PROGRESS in 
polyethylene is a function of catalyst chemistry, radiation 
chemistry, and fresh concepts in engineering design of 
cable and wire structures. The emergence of new proc- 
esses (Ziegler, Phillips, Standard Oil of Indiana, and 
modifications thereof) has brought a new ferment to the 
polyethylene field in the form of the low-pressure. linear- 
type polymers. By manipulation of the basic variables 
(molecular weight, molecular weight distribution. crys- 
tallinity or density) a rich variety in properties can be 
achieved in these polymers. We must not overlook a 
similar potential in the standard high-pressure or non- 
linear processes. Actually, newer materials are also being 
developed by high-pressure processes to furnish their own 
contribution to the new family of polyolefins. (7, 2, 3)* 


*Italic numerals in parentheses apy to Cited References at end of article 


2. Low-Pressure Processes: These 


processes, first developed by Ziegler in 
Germany, then by Phillips Chemical in 
this country, use new types of catalysts 
and low reactor pressure, under 500 
psi. The Ziegler process uses metal 
alkyds as the catalysts; the Phillips 
process, supported oxides. The result- 
ing polymers are of the high-density. 
linear type (although none is a true 
linear polymer). 

3. Modified High Pressure: Process 
developed by Standard Oil Company of 
Indiana is believed to utilize inorganic 
catalysts at high pressures, the resulting 
polymer being a  medium-density 
material. 

4. Irradiation: General Electric Com- 
pany irradiates extruded polyethylene 
film in a modified resonant-transformer 
electron-beam generator. The resulting 


material becomes thoroughly cross- 
linked with enhanced properties of tem- 
perature 
rigidity. These properties are functions 
of the amount of crosslinking. A pre- 
irradiated extrusion molding compound 
is in an experimental stage. Another 
method (used by Sequoia Process Corp.) 
subjects an extruded polyethylene-in- 
sulated wire or cable to similar ionizing 
radiation, also using an electron-beam 
generator. 

5. Gamma Radiation: The methods 
described under “Irradiation” essentially 
irradiate previously polymerized ma- 
terial (film or as extruded cable). Still 
in experimental swaddling clothes is a 
method for synthesizing a polyethylene 
polymer by subjecting ethylene (under 
pressure of about 3000 psi) to direct 
gamma radiation. OOO 


resistance, toughness and 
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Polyethylene Producers* 





Process 
ea Standard 
High Oil of 

Producer or Licensee | pressure) | Ziegler | Phillips | Indiana a well-accepted material with 
Sebaiite Gimeame | x x x many applications ranging 
Celanese Corporation of America x from TV lead-in wire to 
The Dow Chemical Company X X transatlantic submarine 

E. |. du Pont de Nemours & Company X X = ‘rable. (See Table II) B 
Eastman Chemical Products, Inc. X X cable. (See iabie 11) Dut 
W. R. Grace & Co., Polymer Chemicals ” our main concern is _ not 
Division where polyethylene has bee 
B. F. Goodrich Company (Goodrich-Gulf) x where polyethyle ne has been 
Hercules Chemical Co., Inc. X successfully applied, but 
~ Ww. cae Co. = < Xx where over a period of years 
oppers Company, Inc. . PR eR ES eae 
ioeede Gaon x it has one up _— s de 
Monsanto Chemical Co. X = sign stops” or limitations. 
National Petrochemicals Div. (U. S. In- Based on a field survey of 
dustrial Chemicals Co.) X = ‘re and cable producers 
Phillips Chemical Co. X wire = a le proc ucers, 
Spencer Chemical Co. X X here is a quick rundown of 
ee some limitations normally 
The erewennend ta pabpathylene is 00 active that we Mat fe necesmtly. compl encountered, and given here 

from day to day. To the best of available knowledge, however, this 1 


Specifically, in assessing the state of the polyethylene 
art as of beginning of 1957, we should do so in terms of: 


1. High-pressure, high density materials modified to 
obtain a special characteristic, such as flame retard- 
ance. 

2. High-pressure processes modified to obtain medium- 

density materials. 

Low-pressure, high-density materials. 

Irradiated materials. 

. Foam type. 

». Copolymers and biends. 


On ee 


oN 


Some values for density ranges would be helpful. The 
Manufacturing Chemists’ Association gives these: 


0.910 to 0.925 
0.926 to 0.941 
0.942 to 0.965 


Low-density polyethylene 
Medium-density polyethylene 
High-density polyethylene 


Although density is used widely for classification of 
polyethylene, it must be repeated that density is only one 
of several variables that determine final properties. For 
example, an increase in molecular weight would mini- 
mize or eliminate the tendency of normal-density poly- 
ethylenes to cracking under the combined influence of 
biaxial stress and certain wetting agents. On the other 
hand, viscosity increases with higher molecular weight 
and the polyethylene becomes more difficult “to work” 
and extrude. 

In terms of wire and cable compositions on the mar- 
ket, the considerable bulge in research work during the 
past two or three years has not as yet been reflected 
commercially. This would be evident from an examina- 
tion of the polyethylene catalogs of, say, the two oldest 
producers in the field. (See Table I.) 


Existing Design Limitations 


Polyethylene for wire and cable insulation is, of course, 
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in rather general terms, sub- 
ject to qualification, such as 
specific test method used and 
the application in hand: 
|. Failure to withstand external corona (thus strongly 
inhibiting use for high-voltage power cable) . Fifteen 
kv has been top limit, but recently new higher rat- 
ings have been reported in European and U. S. 
practice. 


bo 


Safe permissible operating temperatures for con- 

tinuous operations could not exceed 75 C. 

3. Environmental stress cracking has always been a 
serious problem. 

4. Surfaces are not sufficiently tough; too susceptible 
to abrasion; although data have been cited showing 
superiority to other materials usually considered 
better in this respect. 

5. Temperature coefficient of expansion too great, 
thereby causing extrusion difficulties; also seriously 
affecting serviceability of cable under load varia- 
tions in power cable application. 

6. Flammability has always been a major drawback. 
Even the flame-retardant types do not meet all the 
requirements of various flame-test specifications. 

7. Color coding is more difficult than with polyvinyl 
chloride. 

8. Ultra violet ray exposure is ariother problem. 

9. Difficulty in making bonded or vulcanizable joints 
with polyethylene has been a limitation on the de- 
velopment of cable structures or assemblies utilizing 
outer jackets of neoprene or other elastomers. 

10. It has been been difficult to extrude polyethylene in 

sufficiently heavy walls to permit use on larger con- 

ductors or for thick jacketing. There has also been 
criticism of the lack of consistency in _batch-to- 
batch properties, particularly elongation after aging. 


Advantages of Linear and Modified Materials 


As of now, what characteristics in the linear and other 
new types are of major significance in wire and cable 
insulation? Let’s make another quick rundown: (Such 
terms as “improved” are used here as relative to average 
properties of nonlinear materials). 

1. Improved abrasion resistance, useful for jackets and 
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ethylene of higher crystallinity (or density). But certain 








+ 


Table I—Typical Polyethylene Wire-Coating Compositions Commercially Available 
(Asterisk denotes types available since 1950) 





| Primary dielectric for wire and cable. A non- n-discoloring compound” 


Comments 


g 0. 07 pe per ‘cent DPPD (diphenyl p- phenylene diamine) anti-oxidant* 


0.07 per cent, DPPD anti-oxidant 





Contains colorless, non-exuding anti- -oxidant. For use where color- 





For higher abrasion and cut-through resistance. Contains color- 
less, non-exuding anti-oxident. (Experimental. ) 





Contains 0.07 per ‘cent DPPD anti-oxidant and 2 per ‘cent carbon 
black. For line and service drop insulation.* 





Contains non-exuding anti-oxidant and 2.5 per ‘cent channel 
black. For line and service drop use. 





0.07 per cent DPPD anti-oxidant and 1 per cent channel black. 








0.07 per cent DPPD anti-oxidant and 2. 5 per cent t channel black. 




















Primary general-purpose wire and cable dielectric having low loss 
characteristics over wide temperature and frequency range. For 
line wire covering where extended outdoor exposure is required. * 





Telephone cable sheath. 0.07 per cent DPPD anti-oxidant and 2.0 








High frequency primary dielectric with exceptional resistance to 
environmental stress cracking; for use in submarine cable.* 











Cable sheath. 0.07 per cent DPPD anti-oxidant and 2.5 per cent 








Non-exuding, anti-oxidant and brown pigmented. 














General-purpose primary dielectric. Withstands prolonged expo- 
sure to sunlight and outdoor weathering.* 





building wire. 





Cellular compound with superior ‘low loss characteristics. Used as 








Melt Index 
| ASTM-D- Density 
Type 1238-52T _ (base resin) 
A. Low-Loss and General- | 1.4-3. 4 ‘ 0.916 
Purpose Insulating (Con- |]. —_______| —__________ 
tain anti-oxidants, but are 0.95-1.6 0. 918 
not weather resistant) ——__——— ——$——$_|_—_______——_- 
1.6 "0.923 
1.6 0.923 
coding is required. 
1.9 0.930 
se fesse | gUPEEEEN oa ma a — 
B. Weather-Resistant, Gen- 1.4-3.4 0.916 
eral-Purpose Blacks 
| 18 | 0914 | Contains 
zz a 
For wD- 1 infantry field wire. 
Rppemnernnynniond aan = 
1.6 0.923 
| For line and service drop use. 
0.95-2.1 | 0.929 
C. Weather-Resistant, Highly 0.47-0.95 0.917 
eoctotant to Stress-Crack- | per cent carbon black.* 
ng _ EO 
0.20-0.40 0.918 
0.3 | 0.921 
of channel black. 
D. TV Lead-in 1.4-3.4 0. 916 Brown pigmented.* 
1.6 0.923 
0.95-2.5 0.925 
E. Flame-Retardant Coatings 3-4 oh mat For GTO cable, 
F. Foamable Resins Wane ae 0.918 aI 
| | high frequency TV lead-in wire. 
| 2.1 | oe | 





For low-capacitance wire insulation; space filler in cable. 


Note: This tabulation is based on commercial catalogs issued by E. I. du Pont de Nemours & Company, Inc. and Bakelite Company. 


for weather-proofed wire (if protected from sunlight 
by carbon black) ; 

2. Improved chemical resistance; 

3. Lower rate of permeability to water vapor and 
gasses, particularly helpful where protection against 
corrosive agents is needed; 

4. Increase in temperature to 85 C, possibly even to 
100 C (and higher—125 C—for the irradiated ma- 

terial) ; 

. Overall improvement in physical toughness for use 
of thinner walls where necessary, both as primary 
insulator and as jacket; 

6. Lower temperature coefficient of expansion. 
Subject to certain compromises on specific proper- 
ties, modified standard materials, such as flame-retardant 
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conductors. Flame-retardant linear polyethylene is used 


and the chlorosulfonated (the latter for its resistance to 
corona and ozone) also appear significant. 

Irradiated polyethylene, because of an indicated tem- 
perature level of 125 C and considerably decreased 
tendency to stress cracking as a result of a highly cross- 
linked structure likewise has major prospects. 

To recapitulate, it could be said that since polyethylene 
essentially an amorphous-crystalline polymer, the 
more it approaches the crystalline end of the spectrum, 
the more the certain characteristics and properties will 


1s 


increase in relative values. This will include tensile 
strength, abrasion resistance, resistance to deformation 
under load, stiffness, and the operating temperature. 


Where the higher values in these characteristics are de- 
sirable, it is obviously an advantage to have a poly- 
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Corp. Tt differs from the Irrathene process | in | that the 











Table Il—Some Applications for 
Polyethylene as Insulation in Wire 
and Cable 








Communication cable generally 

Control cable generally 

Feeder systems lines in chemical plants 

Geophysical cable 

High-frequency coaxiai cable 

High-voltage lines 

Hook-up wire 

Low-voltage power cable 

Motor leads 

Neon sign cable 

Oil-burner ignition cable 

Outer jackets for telephone cable (carbon black 
pigmented) 

Police and fire alarm cable 

Protective jacket for lead-sheathed high-voltage 
paper insulated cable 

Protective overall sheath over aluminum or lead 
sheaths (for galvanic protection or resistance to 
chemical corrosion) 

Radio-frequency cable 

Series street lighting cables 

Service drop 

Signal Corps Spiral-4 multichannel carrier com- 
munication cables 

submarine cable 

Submersible motor insulation 

Television lead-in line 





Note: Communication 'cable comprises largest volume of poly 
ethylene insulation; next largest is in power line wire 
and service drop wire. Tape and film insulation, as well 
as extruded, is included 
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Effect of temperature on deformation of polyethylene. Specially 
formulated grades show higher temperature resistance compared 


to ordinary polyethylene material (ASTM D1047-49T heat dis- 
tortion test). 


100,000 


10,000 


1,000 


Total scrapes to foilure 


100 
0.915 0920 0925 0930 0.935 0.940 


Density 


0.945 


Effect of density of polyethylene on abrasion 
resistance of polyethylene wire coatings 
(Modified General Electric Scrape Abrader) . 


ethylene of higher crystallinity (or density). But certain 
minus factors appear with increasing crystallinity. There 
is a tendency to crack under stress conditions at elevated 
temperatures, or under exposure to certain solvents or 


wetting agents, or under both conditions. Stiffness could 
be a liability. 


Limitations of the Newer Materials 


What then are some of the limitations that are seen 
for the newer types of polyethylene? (See Table III for 
comparative properties; Table IV for suggested stand- 
ard specifications.) Here are some highlights of opinion: 

1. An excessive degree of stiffness and decreased flex 

life. 

2. Stiffness may likely be a limiting factor when it is 
necessary to extrude heavy walls. Difficulty has been 
found in making such extrusions without radial 
cracking. 

3. Thermal shock is probably the most serious source 
of trouble. There is a tendency to cracking under 
mechanical stress at temperatures below the soften- 
ing point. 

1. Even though the linear polyethylenes have a higher 
softening point and higher operating temperatures 
than the non-linear materials. applications at ele- 
vated temperatures will have to be watched owing 
to the inherent tendency of polyethylene to degrade 
as temperatures go up. 


~ 


The residual catalyst in certain linear types remains 
a potential trouble maker, because it tends to de- 
grade the electrical properties, and may also ad- 
versely affect mechanical stability. 

6. Some limitation on the processing of the linear 

polyethylenes in existing equipment has been noted. 

The main obstacle to increased volume in the flame- 
retardant material has been the high-price structure. But 
there are good potentialities in this direction such as 
building wire insulation, and also in appliances and in 
television as a replacement for polyvinyl! chloride. pro 
vided necessary specifications approvals are obtained and 
the price could come down. 

Applications for flame-retardant polyethylene already 
exist, as GTO cable. for gas tube and oil burner ignition. 
A recent use has been found as an outside sheath for 
control cable comprising polyethylene and nylon-insulated 
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0.920 0.930 0940 0.950 
Density 


Relationship between density of poly- 
ethylene and the yield point. 
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conductors. Flame-retardant linear polyethylene is used 
in new TV circuit design. Details are withheld for the 
present. 

Perhaps a more important limitation is the fact that 
the flame-retarding additive does impair certain prop- 
erties of the original material. At least one source reports 
a type of environmental cracking exhibited in laboratory 
tests that apparently occurs on one axis regardless of 
how the sample is stressed. 

The foam-type materials have aroused a good deal of 
interest. Already used in television lead-in cables and 
other communication applications, there is every indi- 
cation of an increased design volume, especially owing 
to the lower dielectric constant that can be obtained and 
the economy of the foam structure. A highly desirable 
combination can be achieved: A minimum of space-con- 
serving insulation thickness plus lowest possible capacity 
coupling. Several problems, however, have to be overcome 
for wider use, including: (a) the need for uniform cell 
structure and (b) some means to eliminate the ionizable 
residue left by the foaming or blowing agent, or (con- 
versely) the development of a foaming agent that leaves 
a low-loss residue. 

A cable sheath for geophysical wire is a current in- 
teresting use for foam-type polyethylene. So sheathed, the 
wire is able to float on water, a necessity under certain 
field conditions. 


The Irradiated Polyethylene 


What are the existing limitations in the use of irradi- 
ated materials? Principally, in the area of economics: 
Cost is still too high and manufacturing (irradiaticn) 
processes are not adaptable to large-quantity runs. Prac- 
tical development of a pre-irradiated extrusion compound 
would take care of a considerable number of problems. 
As a quick consensus, we could say that the interest in 
this polyethylene is quite strong; and that with continuing 
research in irradiation as well as associated techniques. 
plus new manufacturing facilities, we should definitely 
see progress in application areas. By a selective process 
of basic material selection and irradiation dosages and 
techniques, significant increases in tensile strength. crack 
resistance, peak distortion limits, and weathering char- 
acteristics should be obtainable without any significant 
impairment in the well-known dielectric properties of 
polyethylene. (4) 

As of the present. General Electric’s Irrathene mate- 
rials are the only irradiated film and tape polyethylenes 
on the market. Mostly, the work has been done with the 
low-density materials, but medium- and _ high-density 
materials are also being investigated. 

Properties of Irrathene have been reviewed in detail 
in current literature. (5) Advantages cited include: 
(1) nonmelting characteristic: (2) shrinkability; (3) 
sealability; (4) environmental stress cracking resistance: 
and (5) oxidation resistance. 

As indicated by the property of “shrinkability” Ir- 
rathene tapes can be heat-treated on wire and cable to 
form an impervious sheath, essentially an encapsulation 
of the wire and cable structure. 

Another advantage claimed for Irrathene is superior 
tracking resistance compared with vinyl or conventional 
polyethylene. 

Still another irradiated polyethylene product is the 
Hyrad wire and cable developed by the Sequoia Process 
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Corp. It differs from the Irrathene process in that the 
polyethylene insulation is irradiated after extrusion on 
the wire or cable. Generally the standard nonlinear 
materials have been used, but extrusions of the linear 
materials also give satisfactory results after irradiation. 
This has not always been the experience in other attempts 
to irradiate the linear polyethylene. 

Whether this process produces a superior insulation is 
a matter of interpretation of test data and relation to 
applications. Increased temperature resistance appears to 
be one of the most important advantages. Considered 
basically as a 150 C insulation, it is said that the Hyrad 
wire and cable will operate for 20 hr continuously at 
200 C and intermittently at 300 C, characteristics of 
potential importance in power cable use. 

Some report should be given on overall developments 


Possible Applications of Linear 
Polyethylenes for Molded Parts 


The superior physical properties of the linear. 
or high-density, polyethylenes may open up some 
application areas for molded structural or 
mechanical parts that were not feasible with the 
standard nonlinear or low-density materials. 
The improved characteristics that encourage 
this projection of applications include: Impact 
resistance; abrasion resistance; tensile strength; 
and resistance to thermal deformation. The in- 
herent excellent dielectric properties of all 
polyethylenes, their moisture resistance and their 
light weight are contributing advantages. More- 
over, the linear polyethylenes can be injection 
molded, vacuum formed and shaped like most 
thermoplastics. They can be machined, welded. 
and heatsealed; and can be pigmented in bright 
colors. Admittedly most of the applications 
listed here are exploratory, but each is of 
possible interest to designers of electrically 
operated products: 


Battery separators and housings 

Bearings 

Bushings 

Cathode ray tube shields 

Gears 

Grill work, louvers and housings for fans 

Housings for business machines, instruments 
and radios 

Instrument and control panels 

Jack plug insulators 

Junction boxes and connector housings 

Knobs and keys and pushbuttons 

Microwave radomes 

Pumps with polyethylene molded impeller. 
housings, gaskets, tubing, and motor insula- 
tion 

Radio antenna housings 

Refrigerator parts 

Striker plates 

Switch plates 

Washing machine impeller 

Waveguide shields, inserts and fixtures 

Whip antenna mounts and insulators 
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Irradiated polyethylene tape (General Electric’s Irrathene) used 
as insulation in a high-voltage voice-modulation coil for radio 
transmitter at Gulow Transformer Company plant. After being 
completely wrapped in the tape, the coil is baked to provide tight 
moisture seal plus a vibration cushion. 


in what we might call processed polyethylene insulation, 
specifically tape, film, sleeving and tubing. Developments 
in tape materials, in particular, are being watched closely 
by wire and cable engineers. 

One company (Minnesota Mining and Manufacturing 
Company) has been using polyethylene since 1950, and 
has made some pressure-sensitive tape with polyethylene 
backing. also a self-fusing tape based on polyethylene 
for electrical splices. The principal drawbacks of poly- 
ethylene for their products were the low temperature 
limitation, poor abrasion resistance, and high flammabil- 
ity, none of which could be corrected without some im- 
pairment of other properties. 

Currently this company is working with the low-pres- 
sure, high-density materials, also with the irradiated 
materials, including very thin film and pressure-sensitive 
tape backing. In some instances, the films are reinforced 
with random or oriented fibers of various types. Minne- 
sota Mining finds that after irradiation, polyethylene 
tapes are not quite chemically stable at high tempera- 
tures, though mechanical strength at these temperatures 
has been improved. This is true of both linear and non- 
linear materials. New formulations of polyethylene are 
sought to provide irradiated tapes resistant to oxidative 
breakdown. 

Minnesota Mining is intensifying work on splicing 
tape. either based on polyethylene itself or at least de- 
signed to be compatible with polyethylene. The company 
sees a large and increasing use as the volume of poly- 
ethylene power cable applications expand. The company 
has also developed a combination connection and _ pro- 
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tection unit for splicing polyethylene insulated wire and 
cable for the communications field. 

Recently commercially announced by the Kendall Com- 
pany is a series of calendered polyethylene films of the 
low-pressure type to supplement an existing line of high- 
pressure polyethylene films. Improved heat resistance, 
lower gas permeability and improved chemical resistance 
are said to be obtainable. Films are made from 100-per 
cent linear polyethylene or from blends of linear with 
regular polyethylene. The blends offer the advantage of 
less rigidity and improved handling. Still another com- 
pany believes that there is a field for polyethylene tubing 
in motor applications if the thermal capabilities could 
be increased. It is working in two directions: (a) by 
supporting the polyethylene with fiber-glass braid, and 
(b) by irradiation. 

Since polyethylene cannot be put into solution easily, 
it cannot be used to advantage as a coating material over 
fiber-glass braid. An experimental sleeving has therefore 
been made in which the braid was first applied over an 
extruded polyethylene tube, a second extrusion of poly- 
ethylene was applied over this structure, and finally the 
entire sleeving was irradiated. “Very good” electrical 
and thermal properties are reported. It seems to be quite 
certain that this sleeving should be adequate for opera- 
tion at 130 C. It is now under limited evaluation. How- 
ever, cost may make it noncompetitive at present. 

Other attempts have been made to reinforce poly- 
ethylene extrusions with flake-glass. The resulting mate- 
rial, although improved in cut-through resistance, is 
reduced in tensile strength. Further study is needed. 


General Design Problems 


What are some of the opinions on what could be termed 
“general design considerations” ? 

Some materials people have said forthrightly that wire 
and cable design engineers have lagged behind the in- 
herent advantages of polyethylene. It is felt, for instance, 
that the low dielectric constant and the high resistivity 
of polyethylene have only been lately exploited to reduce 
wall thickness for economy in design. 

Surprise is shown that we are not using polyethylene 
for power cable at the high voltages that are being used 
in Europe. (But it is probably true not only of poly- 
ethylene for cable and wire but of European practice 
generally that they are using materials under much more 
severe operating conditions than we do.) 

The necessity for proper engineering design to over- 
come inherent defects in materials is stressed time and 
time again. It may be said that new design techniques are 
indivisible from the development in insulation materials 
per se. Frequently it is the oft-repeated admonition of 
designing around a material’s limitations as well as for 
its advantages. 

The congestion of underground wiring in big cities is 
one of the most powerful incentives for the use of better 
insulation materials and the use of more ingenious and 
perceptive cable design. 

The contemporary movement to the automatic factory 
puts even greater burdens on the wire and cable insula- 
tion in such installations. Power failure in a normal 
factory is serious enough, but in these complex automatic 
set-ups any power failure will involve a long and ex- 
tremely serious period of outtage. 
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Table Ill—Typical Physical Properties of Nonlinear and Linear Polyethylenes?* 









































Modified | Linear type 
Nonlinear types (medium | (high 
Test (low densities) density) | density) 
Melt index, ASTM D-1238 27 ow) lUe lo 1.6 3.0 1.0 
Density of base resin, 23 C ogi) oss) 0.z3) 0.928 | 0.930) 0.960 
Crystallinity, per cent 55 55 60 60 64 80 
Stiffness, ASTM D-747-50, psi 15,000 | "22,000 | 28,000 | 28,000 50,000 120,000 
Creep, per cent deformation at 100 hr 2.0 | 1.2 1.0 | 1.0 0.7 0.4 
Hardness, Shore C es ee ee 80 85 90 
Shore D | & ft S [ a |] ee 7 ee 
Abrasion resistance,» GE 1550 3000 6500 4000 =| §=— 5000 50,000 
Taber or | 2 | 22. “ f° er 
Ultimate elongation, per cent 600° 500 ie 600 <a “400 250 . 50. 
Yiela point, psi 1200 1400 : 1600 7 1600 2500 4400 
Crystalline melting point, deg Cc 110 " 113 115 : 115 118 ; 134 
Vicat temperature, deg C, »-° 82 ot 101 7 95 “102 125 
Randall-Stickney, deg C, 15 per cent Ae Fa 7 
deformation>: ¢ | 105 108 111 110 111 117 





* Source: Frey and Spohn. (/) Values given are from tests on Du Pont materials. 
> Some dependence on melt index and breadth of MWD (molecular weight distribution). 


° Vicat temperature is that temperature required to give 1-mm 
¢ Randall-Stickney deformation test as covered in U. 


Field Use Experience 

Here is a resumé of use reports by several sources: 

Currently, the Signal Corps finds three significant de- 
velopments: the low-pressure, high-density polyethylenes: 
the irradiation types: and the foam types. The high- 
density polyethylenes appear to offer a higher degree of 
reliable performance in coaxial cables than standard 
materials, including slightly better operating temperature, 
improved abrasion resistance, and a lower coefficient of 
expansion. 


netration with a l-mm needle under a 1-kg load. Heating rate 50 C/br 
S. Army Specification #71-925-E7 


Deformation Requirements of Insulation of Wire W-130-A 


No immediate advantage is seen in the irradiated types, 
as compared to the fluorocarbon resins, since high tem- 
perature performance is apparently limited by the nature 
of the anti-oxidants. Also the cost of fluorocarbon insula- 
tion has been steadily decreasing. 

The foam polyethylenes appear to offer some sig- 
nificant advantages in the microwave area. Work 
needed to obtain suitable foaming agents which would 
work efficiently with the high-density polyethylenes and 


is 





not leave any polar residues. Limited use is being made 


Table IV—Proposed Property Specifications for Polyethylene Wire and Cable Insulation 


Property 


Dielectric constant at 1 mc (ASTM D- 150-54T) 


Dissipation factor at 1 me (after milling 3 hr 160 C; ASTM D-150- 54T) 


Randall -Stickney deformation, per cent (ASTM D- 1047- 49T, except test temperature 
105 C) 


Primary insulation 


2. 32 maximum 


0.0005 maximum 


Jacket 
2.75 maximum 


no specification 





0 0 

Carbon content, per cent ( pyrolysis: inert atmosphere) no specification 2.5 + 0.5 
Carbon dispersion, absorption coefficient (ASA Sth | draft) no specification 3500 min 
Low temperature brittleness at ~90 c (ASTM D- 746- 55T), | maximum n failures 0/5 or 2/10* 0/5 or 2/10 
Environmental stress crack ‘resistance maximum failures. (Standard test, 50 C in Igepal) no specification 2/10 in 48 hr 

*No breaks out of 5 pieces tested, or, if 1 breaks, 10 pieces must be then tested and no more than 2 should break to pass test. 

Vote: Thermal stress crack may be a problem with some linear polyethylenes particularly at elevated temperatures and in thick coatings. Where such applica- 
tions are contemplated, the following test is recommended: Wrap a No. 14 wire coated with 32 mil thickness of resin around its own diameter ten times. Age in a 
100 C air oven until the first crack develops. If a crack occurs at less than 100 hr, the sample has failed the test. 


Source: Frey and Spohn. (1) 


MARCH 1957 


High molecular weight 
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Table V—Some Standards Applicable to 
Polyethylene-insulated Wire and Cable* 








Military 





Cables, radio frequency; coaxial, dual 
| coaxial, twin conductor, and twin lead. 


MIL-C-17B 





MIL-C-10581A 


able, telephone; cable assemblies, tele- 
phone; coil assembly, telephone. 





| Cable, telephone (Wire WD-1( —)/TT) 
| (Infantry field wire, twisted pair). 


MIL-C-13294B 





MIL-C-15479B | Cables, power, electrical, submarine, Navy 
standard harbor defense. 


MIL-D-3054A Dielectric material, polyethylene. 

SELES ee _| ee a a ide 

MIL-1-3825(1) | Insulation tape, electrical (polyethylene- 
base, self fusing; for use in electronic, 
communication and allied equipment.) 

MIL-P-3803(1) Plastic, polyethylene, molded and ex- 


truded shapes, sheets and tubing. 
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MIL-W-76A(1) 


| Wire and cable, hook-up, electrical, in- 
sulated. 


Federal 


LP-590 Plastic compounds, molding and extru- 
sion, polyethylene (to be issued). 


Other 
Methods of testing rubber and thermo- 


plastic insulated wire and cable (tenta- 
tive). 


ASTM-D470-54T 


ASTM-D1248-52T Specification for polyethylene molding and 
Type Il extrusion materials (tentative). 


ASTM-D1351-54T 


Tentative specification for polyethylene 
insulated wire and cable. 


CAA-1046 | No. 19° gauge thermoplastic insulated, 
(Civil Aeronautics | thermoplastic sheathed telephone cable. 
Adm.) 


IMSA 19-1951 
(International 
Municipal Signal 
Association) 


Polyethylene insulated, polyvinyl chloride 
sheathed signal cable (thermoplastic). 


Part 7, Sect. 7, 9 
| Specification for neutral supported second- 
IPCEA ary and service. 
(Insulated Power | 
Cable Engineers 
Association) : ae = ee 
Standard S-19-81 Appendix P, Part 8 
Specification for wire and cable with 
polyethylene insulation. 
REA-PE-14 Thermoplastic insulated, thermoplastic 
(Rural Electrifica- sheathed cables used on telephone sys- 
tion Administration) | tem of REA borrowers. 


| 





REA-PE-15 Multi-pair distribution wire used on tele- 
phone systems of REA borrowers. 


ASA Specifications ‘for weather-resistant line 
(American Stand- wire and cable—polyethylene type. 6th 
ards Assoc.) draft (not yet adopted as specification). 


BS1557(1949) Polyethylene-insulated cables sheathed 
(British Standards | with polyviny! coloride or lead alloy. 
Institute) 








* Industry standards such as set up by The Bell Telephone Company, 
Western Electric Company and Western Union are also applicable. 
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of foamed polyethylene in larger size cables where the 
savings in weight are significant and the dielectric losses 
are of secondary nature. 

The Bureau of Ships is investigating the possible use of 
irradiated polyethylene tapes in submersible motor in- 
sulation. At last report, tests have not been completed 
and so no conclusions can be given. The Bureau is also 
investigating extruded irradiated polyethylene coaxial 
cable for shipboard application. An improved tempera- 
ture stability and a higher degree of radiation resistance 
may be expected. Low-loss polyethylene material usually 
suitable for coaxial cable fabrication has a limitation for 
shipboard use because of burning characteristics and 
temperature limitation. 

Across the ocean, the British Post Office has been us- 
ing polyethylene for quite some time. Of the new mate- 
rials, the high-density polyethylenes, in various categories, 
the flame-resistant type, and the irradiated types, have 
aroused the greatest interest. 

The foam type material does not seem to offer any great 
promise for them except in specialized situations. If it 
were strong enough or robust, as the English term it, to 
withstand sea-bottom pressures without collapsing, a foam 
type insulation cable might be useful for submarine ap- 
plications, but it seems unlikely that a worthwhile reduc- 
tion in dielectric constant could be obtained without too 
great a loss in chemical stability. ; 

Of the advantages cited for the high-density poly- 
ethylenes, the British Post Office people feel that the 
property of greatest interest to them is the reduced per- 
meability to water vapor. The improved mechanical 
strength may be of advantage in some applications. In 
electrical properties, there is so little difference from the 
standard polyethylene that the changes do not seem 
important. But if the new polyethylenes are as resistant 
to moisture penetration as they seem to be, that is 5 
or 6 times that of standard polyethylene, the British Post 
Office people feel that that should enable them to dis- 
pense with metal sheathing in underground telephone 
cable. 

The need for the watertight joints between poly- 
ethylene and metal surfaces has been a prime study with 
the British Post Office. Their most recent method calls 
for lead-plating of the metal parts to be bonded, anodiz- 
ing the lead to give a reactive lead peroxide surface, and 
heat-bonding this surface to polyethylene. Excellent ad- 
hesion has been achieved, but the method is time-con- 
suming and needs precise control. 

In some instances the materials manufacturer is also 
the user of polyethylene cable. The Du Pont Engineering 
Department’s Design Division originally used its own 
polyethylene materials in 1952 for multiple conductor 
control cables applied mostly in instrumentation. Cur- 
rently, a major project at the Sabine River Works will 
have all the high-voltage, low-voltage, and control wire 
and cable insulated with polyethylene, including the flame- 
retardant type. The project will require about 12,000 ft of 
high voltage cable; 150,000 ft of flame-retardant poly- 
ethylene building wire; and 100,000 ft of multiple con- 
ductor motor and control cable of various size. 

The Du Pont experience shows how from an original 
use of polyethylene insulation for small conductors up to 
110 volts service, applications have been extended to 
polyethylene insulation for power feeders and finally 
high-voltage cable. 
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In one large hydroelectric power operation, there are 
some 100 miles of polyethylene-covered line wire in use 
as of last year. It has proven quite satisfactory and it is 
felt that eventually it may replace all the traditional 
bitumen-impregnated braid covering for line wire.* 

Engineers concerned with this operation at the research 
end feel that the low-pressure, high-density polyethylenes 
are as of now still “wholly experimental.” The high de- 
gree of crystallinity would make them far more crack 
sensitive, in their opinion, than standard materials. The 
increased stiffness of the linear materials appears to 
present a handling problem in the field. Modifications 
with other materials appear desirable. 

Of the materials now commercially available in the 
modified line, chlorosulfonated polyethylene, such as 
Du Pont’s Hypalon (7) is expected to be potentially im- 
portant for lead-cable corrosion protection requirements 
and for cable jackets generally. Combinations of poly- 
ethylene and polyisobutylene may be promising. 

An increasing use of polyethylene at increasingly 
higher voltages up to 50 kv is forecast. This will be 
accomplished as much by design and configuration of 
the conductors to minimize corona as by the advent of 
higher-quality polyethylenes. 


Polyethylene in Original Equipment 


What about polyethylene-insulated wire and cable 
in original equipment? The low level of temperature 
resistance and the flammability are of course obstacles 
to the use of any insulation where Underwriters’ require- 
ments have to be met. But there is a great interest in 
possible uses where such limitations can be minimized. 

To a British manufacturer of rotating machinery. 
developments in irradiated polyethylene tape. also post- 
irradiated wire and cable. are potentially significant. 
since they may make it possible to utilize polyethylene 
insulation in his equipment, not presently feasible. 

On the other hand, U. S. A. manufacturers of fraction- 
al-hp motors, dry type transformers, ballasts and 
magnet wire have tested irradiated polyethylene lead 
cables and found that the flow temperature and resistance 
to hot oil were too low for further consideration. On the 
linear polyethylenes as a class. the higher softening point 
and the potential lower cost interest them. but they 
will need a still higher softening point in the range of 
nylon 66 before they can consider the linear materials 
in their products. It was felt that polypropylene might 
approach the desired properties. 

Another company has used polyethylene-insulated wire 
and cable in the operation and control of nuclear reactors. 
This application goes back to 1952 when some 200,000 ft 
of RG8U polyethylene-filled coaxial cable was used on 
one of the nuclear contract installations. To date, the 
report said, there has been no instance of malfunctioning. 

A European source uses small quantities of poly- 
ethylene, nearly all of it going into submersible motors. 
with nylon exterior jacketing. 


New Standards Needed 


What about standards? There is a general consensus 
that new standards are necessary for polyethylene wire 
and cable. It is felt that rheological properties of polyethyl- 
ene have been “irrationally held as a demerit” in com- 


*Total used in all such systems is, of course, far more. Some estimates place the 
total at about 40,000 miles. 
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High molecular weight 
black polyethylene jacket 
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High molecular weight 
colored polyethylene insulation 


Polyethylene application in the insulation of a typi- 
eal telephone cable. Material: Du Pont’s Alathon. 


parison with other dielectrics, when in actual practical 
use these properties are not called upon in service opera- 
tion. It is also felt that polyethylene wire and cable 
should be applicable for certain specifications where 
its use is now restricted by “unrealistic” specifications. 

The need for new standards was particularly stressed 
to encompass the different physical properties of the 
new materials, both high-density and medium-density, 
and to provide protection against certain undesirable 
characteristics that the new materials have developed 
which have not been found in the low-density materials. 
(For example, continued crystallization and increased 
stiffness after application.) 

Perhaps the most important thing is to establish 
standard terminology for all the polyolefins. Universally 
agreed standards on classification of polyethylenes by 
density would be desirable. 

Some of the specific standards which have been used 
in the polyethylene field and some of the organizations 
that have issued standards are identified in Table V. 

\ new federal specification LP-590 is to supersede 
MIL-D-3054A and a part of specification MIL-P-3803 
which is concerned with the characteristics of the basic 
material. Types II and III of federal specification LP- 
590 cover the types of polyethylene suitable for use in 
wire and cable. But considerable emphasis is placed 
on the properties of the black weather-resistant grades. 
Copies of LP-590, when approved. may be obtained 
from ASESA at Fort Monmouth, N. J. 

Currently, a research underway under 
Signal Corps sponsorship at the Battelle Memorial In- 
stitute. All obtainable samples of the newer types of 
polyethylene (densities > 0.925) are being studied under 
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various conditions, including aging and ultraviolet ex- 
posure. Derived data will be used as the base for a new 
military specification and for engineering design data. 

Precise and standard methods for pigmenting poly- 
ethylene so that there is not variation in basic dielectric 
properties from color to color would be desirable. Com- 
panies like Western Electric have already established 
standard pigments based on their own work. A series 
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Adapting a proven combination microm- 
eter and inductive bridge method of 
locating the worktable simplifies some of 
the accuracy problems in design of a 
numerical control for a precision machine 
tool, taking its instructions from punched 
tape. Features include use of conven- 
tional decimal digits plus an autotrans- 


former digital-to-analog converter. 


THe Pratr & Wuirney Company INC. HAS ENGINEERED a 
successful numerical control system for its line of pre- 
cision jig borers, Fig. 1. All of the required data for oper- 
ating the machine is recorded on punched tape. The coded 
information includes: coordinates for locating the hole: 
dimensions of spindle movement for drilling and boring 
to depths: spindle speed: feed selectors: 
traverse for approach and withdrawal. 
The advantages of the new system are many. Automatic 
operation is possible without the costly and time-consum- 
ing tooling associated with mass production. The tapes 
can be prepared by clerical help using keyboards similar 
to those on typewriters, comptometers and_business- 
machine punched-card equipment. Setup is immediate. As 
soon as the part is placed on the machine and clamped, 
all necessary control is automatically provided from the 
punched tape. Operator error is greatly reduced with cor- 


and rapid 
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Fig. 1—View of numerically controlled 
precision jig borer. Tape transport and 
readers are located in cabinet, foreground. 


Digital 
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responding reduction in scrap and an increase in over-all 
accuracy. 

Numerical control is equally beneficial to short or long 
production runs. Automation techniques can now be ap- 
plied to runs of only two or three pieces with reduction 
in cost and improvement in quality. The storage of infor- 
mation is economical since it requires little space. Filing 
cabinets are adequate repositories. The use of numerical 
controls also shorten the training period for machine 
operators, since high skills can be cut into the punched 
tapes. 

Tape System. Preliminary to the design of the jig 
borer control, various means for recording information 
were studied. It was decided that punched records were 
preferable to magnetic or optical storage media because 
of the simpler equipment required to sense a punched 
hole as compared to that required to detect a magnetic 
spot or a variation in optical density. 

It remained to decide between punched cards and 
punched tapes. Influencing this decision was the fact 
that once a deck has been used in conventional card- 
handling equipment, the operator must move it by hand 
from the stacker back to the feed hopper. A suitable feed 
mechanism, in addition, must be extremely accurate and 
smooth in operation so that only one card will be taken 
at a time and without damage. On the other hand, a 
punched-tape mechanism capable of safe, sure transport 
is fundamentally simpler and the tape may be auto- 
matically rewound. For these reasons, punched tape, Fig. 
2. was selected as the medium for the jig borer control. 

The tape material is usually paper, with plastics tape 
recommended for applications involving rough or re- 
peated handling. To permit use of both materials, it was 
thought desirable to keep the density of information on 
the tape low so that variations in tape size or position 
will not result in reading errors. This aim led to the 
specification of a tape wider than that usually used in 
office equipment. 
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EDWARD E. KIRKHAM, Project Engineer 
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Positioning Control 


for Precision Jig Borer 


Once the preliminary needs were established, a search 
was undertaken to locate a punched-record system that 
would meet the requirements of machine-tool users for 
mechanical ruggedness and electrical reliability, yet be 
reasonably low in cost. None satisfying these objectives 
were found, however, so it was necessary to resort to 
original design. 

There are two distinct means of reading the informa- 
tion from a punched record. One of these is the dynamic 
method in which a small group of holes is sensed at one 
instant and the information so read is stored. The tape 
is run until this buffer storage unit accumulates a suff- 
cient number of digits for the machine tool to accomplish 
one operation. 

The static reading method eliminates the need for the 
buffer storage. The punched record is already a storage 
medium and the greatest reliability will be obtained when 
the storage capability of the tape is used. The tape is 


moved into position and stopped; then all the data 
necessary for a single machine operation is read at one 
time and that data presented to the machine tool continu- 
ously. When the machine operation has been completed 
and checked, the tape can then be advanced one field 
or block so that new information may then be presented. 
The familiar one-out-of-ten code* is used. It is thus 
unnecessary for the operator to learn unfamiliar desig- 
nations for the numerals. Actually the tape has 12 rows 
across it. Two rows are used for tape control. One of these 
latter two rows is used for identifying each block of infor- 
mation and the other row is used to provide automatic 
rewind and stop-rewind. The hole indicating the begin- 
ning of a new block of information is sensed by the reader 
for the purpose of stopping the tape at an appropriate 
point so that the entire block of information will be in 
register over the proper columns of the tape reader. 


*See “Digital Codes for Numerical Control,” Execraican MANUFACTURING, 
December 1956, p. 105. 


Requirements of a Jig Borer 


THE JIG BORER IS A MACHINE TOOL capable of performing 
precise boring, spotfacing and face-milling operations, 
usually on a one-time basis in the manufacture of mass- 
production tooling, like driil jigs. It consists basically of 
a vertical spindle mounted above a flat work table. The 
table assembly includes two slides capable of being moved 
at right angles to one another. By shifting the slides in 
x and y coordinates the workpiece may be positioned any- 
where in the plane beneath the rotating spindle and cut- 
ting tool. An alternate form of table construction employs 
a rotary table capable of 360-deg movement in combina- 
tion with a single slide. 

The principal distinguishing feature of the jig borer is 
the extreme precision of the work that can be done with 
it. Contributing to this accuracy is extremely rigid struc- 
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tural design and an elaborately engineered spindle as- 
sembly. By hand-scraping the table ways, a table can be 
made not to deviate from true straight-line travel by more 
than 0.0001 in. over a distance of several feet. 

A major part of the operator’s function in running a 
jig borer is adjusting table position on both coordinates 
of movement for precise location of the work under the 
tool. In most cases, a multitude of cuts are made on a 
single workpiece, with table position being changed for 
each cut. Thus, setup time per operation is a sizeable fac- 
tor in machining cost. It was this consideration of setup 
time plus the precise nature of the work that makes the 
jig borer a prime application for automatic control—and 
numerical control in particular as brought out in this 
article. 
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It is necessary, therefore, that the holes punched in the 
tape have accurate lateral spacing in order to correctly 
identify the various digits or tape control functions re- 
quired. It is also necessary that the holes from the begin- 
ning of a given block to the end of that block have proper 
longitudinal spacing. The tape is advanced until a block 
signal hole reaches a particular position in the reader at 
which time the advance motor is stopped. When the block 
signal hole has been properly positioned in the reader, the 
other holes of that field are also in correct position so that 
the machine can proceed with one operation. 





Fig. 2—Tape punch by which decimal information is recorded 
on input tape. Tape may be of paper or plastics. 


The tape reader design finally selected uses a pneumatic 
sensing system. Air is forced through each hole in the 
tape to an enlarged chamber with a neoprene diaphragm 
providing sufficient force to operate a reliable industrial 
control limit switch. 

Because accurate longitudinal spacing is required, it 
was necessary to design a tape punch having a moving 
carriage similar to that used in an ordinary typewriter. 
The tape can be clamped just before the block signal hole 
is punched and then the numeric data inserted in the 
tape as the carriage is spaced accurately by means of a 
rack and escapement. In addition to the tape control 
holes, a single block may contain up to 38 decimal digits 
of information. 

Each field or block of data on the tape controls one 
machine operation. Such an operation would involve 
simultaneous x- and y-axis slide movements to a certain 
position. The machining operation is performed manually 
with data on feed rate and hole size read off the tape by 
optical projection. Control of the head is by pushbutton. 

Measuring System. The second major factor in the 
design of this numerical control system is the selection 
of a sensing system for feeding back positional informa- 
tion. It would be senseless to provide an input arrange- 
ment capable of delivery of accurate commands unless a 
device of equal precision was provided to inform the 
control when the end point is reached. 

Many systems of measurement were studied in an effort 
to find one especially suitable for this precise positioning 
system. The machine tool requires a total movement 
along one axis of 60 in. and it is necessary to be able 
to set that slide with an accuracy of 0.0001 in. If a single 
digital-to-analog converter were used, it would require an 
accuracy of 1 part in 600.000. It was decided that a more 
practical approach would be to divide the measuring 
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process into several steps of increasing resolution. This 
would permit the use of lower-accuracy digital-to-analog 
converters. 

This approach fits in well with the Pratt & Whitney 
Electrolimit gaging apparatus used successfully for some 
time on manually controlled jig borers. In the latter, two 
complete and independent measuring units are used: one 
governing longitudinal and the other, transverse move- 
ments. Figure 3 is a diagram of the unit for locating the 
table longitudinally. Master Bar A, which is permanently 
mounted beneath the work table, has a series of ¥-in. 
sections cut out leaving a succession of 4-in. blocks. The 
distance between the centers of adjacent blocks is exactly 
| in. The entire bar is processed so carefully that the total 
accumulated error is only 0.00002 in. 

Associated with the bar is an inductive pickoff or elec- 
tromagnetic head containing two balanced coils which 
make up two of the arms of an external bridge circuit. 
The bridge is balanced only when any of the blocks are 
exactly centered over the pickoff coils. To obtain basic 
l-in. spacings, the table is moved until one of the blocks 
is so centered and meter C registers zero, indicating a 
balanced bridge. 

With this simple arrangement, there is available a 
method for simply determining slide position in terms of 
l-in. increments. It remains to further resolve these 
measurements into fractions of an inch. For this purpose 
the inductive pickoff, which is mounted on moveable slide 
D, is shifted right or left from the zero position by means 
of the precision micrometer screw F. The table is then 
moved with handwheel P until the block is again centered 
over the electromagnetic head and the indicating meter 
registers zero. 

Since an understanding of Electrolimit gaging is essen- 
tial for grasping the operation of the numerical control. 
the procedure followed by the operator for a typical 
setting, say 4.5678 in. left, will be described. First, the 
vernier on micrometer dial G is set to 0.5678 in. on a red 
scale. This will move the electromagnets head exactly 
0.5678 in. to the left of the zero position. Next, the 
operator depresses pushbutton V (marked “left”), rapidly 
moving the table and master bar. When the circular refer- 
ence scale L reads approximately 41% in., the button is 
released. Next, with handwheel P, the table is moved 
slowly to the left until the meter again reads zero. In this 
position, the induction pickoff, which had been moved 
exactly 0.5678 in. to the left of zero, has found the exact 
magnetic center of the fourth block, and the table has 
moved exactly 4.5678 in. left. 

In the automatic jig borer. a motor drives the table 
to within some part of an inch of the setting actually de- 
sired. A second motor drives the micrometer leadscrew to 
position the inductive pickoff. Operation of both motors is 
determined by tape data. Motion in both axes is of course 
controlled individually. 

Block Diagram. A block diagram of the new numer- 
ical positioning system for the jig borer is given in Fig. 
1. Information to the machine can be presented either 
from the limit-switch array in the tape reader or from an 
equivalent array of rotary switches on the operator’s 
console. The pattern of holes and, hence, the condition of 
the switch array for each axis is presented to digital-to- 
analog converters, which change tape data into analagous 
voltages for controlling the drive elements of the system. 
One analog represents the first two digits of the desired 
position (expressed in inches to four decimal places). 
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Fig. 3—Pictorial representation of Electrolimit measuring system used in table and 
carriage positioning in manually controlled jig borer. 
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Acting on this voltage, the table control causes the motor to that of the input analog. Accuracy requirements are 
to drive the table to its approximate position. Simul- nominal and discrimination of one part in a thousand is 
taneously, two additional voltage analogs, representing all that is demanded. The table moves at rapid traverse 
the first and second decimal places and the third and until a short distance, about 0.10 in., from the final set 
fourth decimal places, respectively, are applied to the point. 


micrometer control to position the sensing head. After both table and micrometer have been driven to 


The basic feedback control technique used here is the _ the points called for by tape data, the program controller 
balancing of voltages. The slide is drliven until the feed- connects the slide drive to the inductive pickoff associated 
back voltage obtained from the potentiometer is identical with the Electrolimit apparatus. The slide continues to 
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Fig. 5—Simplified schematic of digital-to-analog converter and 
position comparator. Ten-tap 120-volt autotransformer is the 
source of voltage signals fed to discriminator. 


move until the null position of the sensing head is 
reached. Then, the slide is clamped and the slide drive 
reversed momentarily to release the strain on the mechan- 
ical elements that might cause motion in the machine after 
the position has been established. 

The control of the micrometer drive, although using 
the same basic principles, is unique in its design in that 
very high accuracy positioning has been accomplished 
without the use of high-precision electrical components. 
The micrometer drive is required to set four significant 
figures. This means it must be able to locate 10,000 
discrete positions within its range to match the accuracy 
of the system. It must be able to set each of these positions 
with an accuracy of several parts in 100,000. 

Utilizing conventional techniques, such demands are 
somewhat hard to meet. Accuracy of components would 
be up to one part in 50,000. Linearity of feedback ele- 
ments would be of similar magnitude. In order to obtain 
operating speeds that would be satisfactory, very high 
rotational speeds of some of the elements might be de- 
manded. All of these, while theoretically possible, are 
neither conducive to successful operation nor to long life 
of components and, in some cases, are practically im- 
possible to achieve. 

The four decimal digits are separated into two groups 
and an analog voltage is determined for each of these 
pairs of numbers. Properly geared, it is relatively easy 
to take the last two digits and drive the mechanism so that 
a potentiometer geared to it will assume an angular 
position corresponding to the required number. This de- 
mands only that the discriminator be capable of separat- 
ing one part in 100, since there are only 100 bits of 
information to be presented. If linearity of the system is 
approximately one part in 500, adequate precision 
through its range can be accomplished. A precision 
mechanical differential gear is incorporated between the 
drive and the screw. One side of the differential is driven 
through an angle corresponding to the last two digits. 
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The other side is similarly driven to a position corres- 
ponding to the first two digits. 

At this point, difficulties would arise, if conventional 
techniques were employed. This drive would be required 
to discriminate only one part in 100 as had the other, but 
now its linearity and accuracy of final position must be 
on the order of one part in 50,000. This is not easily 
accomplished with present-day techniques of electrical 
control, nor is electrical equipment available having these 
types of precision. 

To solve the problem, the first two digits are specified 
to have approximate positions established by the electrical 
setting device within only 0.004 in. of its required 
position. The gearing through the differentia: 1s designed 
so that one revolution of the differential represents 0.010 
in., or one digit of the position number. After the approxi- 
mate electrical setting has been determined, the drive 
continues its operation until a lock pin falls into a notch 
on the unit geared for one revolution in 0.010 in. The 
mechanical positioning of this lock pin can be accom- 
plished with ease to a much higher order of accuracy than 
is demanded for the final accuracy. 

Digital-to-analog Converters. The conversion cir- 
cuits are shown in the schematic wiring diagram of Fig. 
5 and in detail in Fig. 6. At the left of these diagrams is 
the 10-tap autotransformer that is the source of the ana- 
logous voltages used in the control system. A 120-volt 
potential is impressed across this transformer so that the 
value of the taps increases from 0 to 100 in 10-volt steps. 
The actual conversion of hole patterns into analogous 
voltages is done by means of the limit-switch array which 
connects the proper taps into the discriminator circuits, 
Fig. 6. The switches for the two digits before the decimal 
point connect to appropriate taps on an autotransformer 
to produce a voltage of magnitude proportional to these 
digits. 

The autotransformer has a distinct advantage over the 
usual two-winding type in that undesired phase shifts, 
caused by leakage reactance in one portion of the wind- 
ing, are offset by identical effects in the other portion. If 
phase shift is permitted, an imperfect null will result at 
the balance point. 

As seen in the simplified schematic, Fig. 5, the voltage 
for the first digit is taken directly from the autotrans- 
former taps. In the example pictured a value of 73 volts, 
corresponding to a possible 73 in., is required. Thus, the 
70 volts are taken from tap 7. The voltage for the second 
digit is also derived from the autotransformer but is 
modified by a 10 to 1 step-down transformer. Thus the 
voltage at tap No. 3 appears as 3 volts in the input line to 
the discriminator. 

A second transformer is seen in the input line on Fig. 
5. This is used to introduce an offset voltage into the 
system. The function of the offset voltage will be ex- 
plained later. 

The tape is checked for double punch and blank column 
for each digit read. Closure of more than one contact for 
a given digit will result in a short circuit on the digit 
transformer which will trip a magnetic overload relay. 
Failure to operate at least one switch will also cause a 
short circuit. These short-circuit currents are limited by 
a series resistor. 

The analog voltage is fed to a discriminator which 
compares it to the voltage fed back from a helical poten- 
tiometer geared to the table drive screw. The output of 
this discriminator is used to operate the electric clutches 
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Fig. 
The abscissa represents displacement or position. Vertical ord- 
inate is indicative of traversing speed at any particular point. 





in the multispeed gear box in positioning the table ap- 
proximately. 

The voltage analog for the two digits immediately 
following the decimal point are similarly derived from 
the autotransformer and fed to the micrometer-screw 
drive to obtain its approximate position. This approxi- 
mation is made exact by a means of an additional bench 
mark system. These bench marks are at 0.0100-in. in- 
tervals. The third and fourth digits following the decimal 
point are fed into still another digital-to-analog converter 
which provides a signal that is compared with feedback 
potentiometer for setting the screw at positions between 
bench marks. 

The elementary diagram, Fig. 6, shows the circuits 
for both table and carriage (or x-axis and y-axis) con- 
trol. In addition to the input autotransformer. these 
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7—Velocity diagram for positioning of table or carriage. 





circuits include the various discriminators and feedback 
potentiometers for each of the individual positioning 
operations. The two banks of selector switches seen at 
the top of the diagram are the dial digit selectors on the 
operator’s console. These can be used for information 
input in lieu of the tape reader and select autotrans- 
former voltages in a manner similar to that described for 
tape input. 

The balance of the networks seen in Fig. 6 are used 
for generating the offset voltages. 

Offset Control and Discriminators. If an experi- 
enced jig borer operator approaches a manual machine 
and sees that the dials and verniers all read the correct 
numbers, he will not bore a hole at that location. He 
must know not only the present reading of the dials. 
but also the manner in which the machine was set. In 
other words, the direction and velocity of final approach 
is extremely important in making a precise slide setting. 
Since there is need for being certain that approach direc- 
tion and velocity are always the same, an ordinary servo- 
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mechanism cannot be used for positioning a slide to high 
accuracy. The manner of approach has been permanently 
programmed into the P&W control system so that the 
machine always makes its final setting in the same direc- 
tion and at a series of velocities previously established. 

The velocity of final approach must be such that when 
the set point is finally reached the variation in coasting 
distance of the slide, due to variation in coefficient of 
friction, must be within the tolerance desired for the 
final setting. Calculations, confirmed by experiments. 
have established that this speed of final approach must 
be extremely low. In order to make settings in a reason- 
able length of time, it is then necessary to have a series 
of slowdowns prior to the final approach. In this appli- 
cation a four-speed drive is used having an overall ratio 
of 2500:1. 

Actually the input data is altered a small amount by 
the control system so that the slide will not approach the 
final set point but will come to a place which is dis- 
placed in a given direction. If the slide approaches this 
offset point, moving toward the final position, a slow- 
down will occur. If the offset point is approached after 
passing over the final position, a slowdown and reversal 
will occur. Once this offset has been reached further 
reference to the feedback potentiometer will not be re- 
quired because the slide will have then been located to 
the nearest inch. The table will subsequently be moved 
to the proper lug under the control of the sensing head. 

While the table makes its approximate setting, the 
micrometer has been moving into the required position 
in accordance with the four digits following the decimal 
point. Here again the settings are offset so that the final 
setting can always be made in the same direction, thus 
insuring that backlash and any possible deformations 
will always be in the same direction. Upon completion of 
the micrometer setting the table is allowed to continue 
until the sensing head balances, indicating that the table 
has reached its final position. The slide is then auto- 
matically clamped by a non-influencing, air-operated 
clamp and the drive screw is then reversed sufficiently 
to remove any strain on the driving nut. 

As many additional slides as desired can be set simul- 
taneously. Machines having as many as five numerically 
controlled slides which can be in operation simultane- 
ously are being constructed. 

The velocity diagram, Fig. 7, illustrates the method of 
unidirectional positioning which is basic to the system. 
Assume that this diagram pertains only to the table and 
that the table is at rest at point 1. Now, tape signals 
are received instructing the table to move to the set point. 
If these signals were admitted without change to the 
discriminators, the table would head directly to set point. 
However, to achieve unidirectional positioning, the table 
must move to the left beyond the set point, reverse and 
then make its final approach to set point. 

This mode of approach is effected by means of the 
networks seen in Fig. 8. These networks compute a volt- 
age which is a function of the input voltage analog and 
the feedback potentiometer voltage. The computed volt- 
age, called the offset voltage, is next added to the input 
voltage analog to create a new command voltage. It is 
the latter that is received by the table discriminator. The 
table control then acts to drive the table left to a false 
set point beyond the true destination. At the false set 
point, relay contacts open, removing the offset voltage 
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top. energized from four separate thyratrons. 


and impressing the actual command voltage on the input 
terminals of the discriminator. Now, the drive moves the 
table to true set point and stops. 

With further reference to Fig. 7, it should be noted 
that the curves thereon indicate not only the path of 
movement, but also the speed of movement as the table 
or carriage traverses that path. The drive for both table 
and carriage includes two motors: one a 2-hp a-c motor 
for rapid traverse, the second a 1-hp adjustable-speed d-c 
motor acting through a two-speed transmission. The 
movement of either carriage or table does not take place 
at constant speed, but goes through a series of speed 
zones that are related to the distance from target. 

The speed zones are under the control of four relays, 
designated on Fig. 8 as ICR, 2CR, 3CR and 4CR. In 
moving from point 1, the table is driven at high speed 
by the a-c motor. Then, the d-c motor takes over, first 
in high gear and later switching to low gear. After re- 
versal, the d-c motor low-gear combination drives the 
table to within a short distance from set point. The final 
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zero meter 


Discriminator control network circuits. Selection of drive motor speeds is made by means of four control relays (CR) at 


approach is made by the same drive combination, with 
motor speed being adjusted continuously lower to pre- 
vent overshoot. 

The discriminator circuits are given in Fig. 8. The 
four speed-control relays are at the top of the diagram. 
Each relay is energized by a separate thyratron receiv- 
ing its grid signal from a 5691 amplifier tube. The indi- 
vidual thyratrons are set to fire at a different grid voltage 
so that at peak error voltage, all four thyratrons are con- 
ducting. Under the latter condition, the contacts of the 
four speed control relays assume a circuit pattern that 
allows the rapid-traverse a-c motor to operate. As the 
error voltage diminishes, the thyratrons cease conduction 
one at a time, dropping out the speed-control relays in 
proper sequence. 

The error signal is the difference voltage between the 
input signal from the tape reader and the feedback 
signal from the potentiometers. This error signal origi- 
nates in transformer 37 at the bottom center of Fig. 8 
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A quick review of basic design factors for high-nickel-alloy magnetic lamina- 


tions, including the effects on a-c permeability of alloy composition, lamination 


shape and thickness. stacking and interleaving, superposed d-c fields and final 


heat treatment. Brand names and lamination symbols defined. 


THE SENSITIVITY AND FIDELITY REQUIREMENTS of modern 
electrical equipment have led to an increasing use of 
high permeability laminations for the cores of transform- 
ers, magnetic amplifiers, inductors, relays, resolvers, 
servo motors, etc. But little of a practical nature has been 
written to assist and guide the engineer; the basic design 
considerations involved have for the most part been 
learned individually—the hard way. Yet the selection 
and application of these insignificant-seeming pieces of 
metal can be critical to the proper functioning of the 
final device. Following is a quick review of the basic 
factors affecting the a-c permeability of a laminated core. 
In the rating of laminations the a-c permeability is 
usually specified for a given magnetic induction or flux 
density (gauss) at a particular frequency of applied a-c 
magnetizing field, and is a measure of the change in 
induction for a unit change in applied field—in short, 
a measure of sensitivity under the stated conditions. 
Lamination Shapes. The development of the earliest 
transformer laminations was based on both economic 
and magnetic considerations. The so-called “scrapless” 
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E and I shapes were laid out to utilize all of the steel 
strip in the punching operation and at the same time 
insure that as much of the magnetic path as possible 
would lie in the best magnetic direction. The latter was 
important, since the early laminations were produced 
from silicon steels rolled to have a definite directional 
orientation of the magnetic properties. These laminations 
were punched from strips as illustrated in Fig. 1; the 
I’s removed first to form the windows in the E’s, and 
then the remaining stock cut in half to form two E’s. 

A variety of factors were responsible for the subse- 
quent development of the EE, L, DU and UI shapes 
illustrated in Fig. 2 along with the EI type. In addition 
there are many modifications of the basic shapes, as 
typified by the five F shapes in Fig. 3, as well as many 
specially designed punchings for rotors, stators, record- 
ing heads, etc. However, the latter involve design con- 
siderations beyond the basic application factors to be 
reviewed here. 

It is difficult to designate the primary application for 
each basic shape, since more than one shape can be used 
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Fig. 1—One of the earliest transformer laminations, the “scrapless” El shape, shown in successive punching 
stages: first the mounting holes are punched, then the I’s removed and remaining stock cut to form two E’s. 





Fig. 2—Commonly used basic lamination shapes, each of which can have many size and shape variations. 
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Fig. 3—Typical modifications of the basic F shape. 


in the same type of equipment. Principally, however, the 
El’s are used in transformers, and EE’s in chokes espe- 
cially where it is important to confine within the coil any 
fringing magnetic field at the air gap that might inter- 
fere with nearby components. The F types have been 
popular in chokes as well as transformers. The longer L 
types were developed to overcome the space limitations 
of fluorescent lamp ballasts. The DU type is used in mag- 
netic amplifiers since its performance closely approaches 
that of tape wound cores and can be used where toroid 
winding equipment is not available. In addition it pro- 
vides some design control, since the size of the stack 
(and maximum induction) can be adjusted by varying 
the number of laminations used. The UI’s can be similarly 
applied. 

Lamination Identification. An early attempt at 
standardization in nomenclature was made in the de- 
velopment of various sizes of EI laminations by corre- 
lating the designation with the decimal value of the center 
leg. For example EI-75 laminations have a 0.75-in. wide 
center leg and the EI-625 have a °x, in. wide center leg. 
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But the demand for additional shapes having the same 
center leg but larger windows, etc. has made further 
standardization virtually impossible. So for the most 
part the suffix numbers used have no meaning other than 
as catalog identification of industry-accepted sizes and 
shapes. In addition, some sizes are available with mount- 
ing holes only, mounting slots only, holes and slots, or 
neither. The type of mounting to be used will decide 
which is to be specified in those cases where a choice is 
available. 

In lamination manufacturers’ catalogs the most popu- 
lar lamination shapes are usually identified by their 
complete dimensions as well as typical design data for 
a square cross-section core stack of various materials and 
thicknesses. But selecting the proper lamination shape, 
material and thickness for a particular application in- 
volves many factors in addition to catalog data. 

Choice of Material. High permeability laminations 
are stamped from sheet alloys composed of varying 
amounts of nickel and iron; some alloys are modified by 
the addition of slight amounts of molybdenum or other 
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Basic Physical Constants of Typical Magnetic Alloys 

















Nominal Trade Saturation Resistivity Curie Density 
nickel name induction microhm- temp, grams/cc 
content, % gauss cm Cc 
80 HyMu8s0 8700 57 420 8.72 
ee 48 Alloy 16000 45 500 8.3 
50* Orthonol 15500 45 500 8.25 





*Grain oriented. 


elements. These fall into two broad classifications. One 
contains by weight approximately 50 per cent nickel and 
50 per cent iron; the other contains roughly 80 per cent 
nickel and 20 per cent iron. 

Saturation flux density or induction is a function of 
the nickel content and is approximately 16 kilogauss 
for the 50 per cent nickel alloys and approximately 8.5 
kilogauss for the 80 per cent nickel alloys. Where a spe- 
cific operation induction can be specified, selection of 
the proper alloy is relatively simple. There are applica- 
tions, however, such as audio transformers, where the 
unit will operate within a range of inductions. Here selec- 
tion is conditioned by other factors as well. 

The curves in Fig. 4 show the relative permeabilities 
of these two groups 
These gapless 
samples, hence represent the optimum available in the 
materials. For inductions of the order of 3 kilogauss 
and under, the 80 per cent nickel alloys are most widely 


of alloys for a complete range of 


inductions. values were measured on 


used; for higher inductions the 50-50 alloys have the 
higher permeabilities. In the case of the audio trans- 
former, a compromise generally has to be made to de- 
termine the alloy best suited to the induction range 
required. For this purpose manufacturers generally pub- 


lish permeability values for several test inductions. (See 
Table III) 

Brand Names. The use of different manufacturing 
trade names for the same alloy often causes confusion. 
Differences in melting and rolling practice generally have 
some effect on an alloy’s magnetic characteristics, and 
despite rigid control in the production of the basic alloys, 
a wide range of permeability values is found in every 
manufacturer’s product. A good share of this can be 
attributed to the final heat treatment, which will be de- 
scribed later. 

The 50-50 nickel alloy is produced under trade names 
such as Armco 48 Alloy, Carpenter 49, Allegheny 4750, 
Westinghouse Hypernik, General Electric Nicaloi and 
sell Labs 49 Permalloy. A special modification of this 
alloy is produced by closer controlled metallurgy and 
heavy rolling drafts to orient the crystals. Typical ex- 
amples are Magnetics. Inc. Orthonol, Allegheny Deltamax 
and Westinghouse Hypernik V. 
alloys are primarily used in Dl 
amplifier cores. 


These grain-oriented 
shapes for magnetic 


The 80 per cent nickel alloy group includes Carpenter 
HyMu80, Bell Labs 4-79 Permalloy, Bell Labs Mo-Perm- 


alloy and Allegheny Moly Permalloy. These all contain 


Permeability Effects of Core Structure 


TABLE Il 


(Measured at standard test inductions with 60 cps sinusoidal a-c voltage) 








A-c permeability 





EI-75 laminations, 











0.014 in. re ae 
Core construction 40 200 2000 40 200 2000 
gauss gauss gauss gauss gauss gauss 
interleaved: eee ee” 5 
1x1 6700 11500 22500 18500 24500 32500 
2x2 5400 7850 16300 16700 22300 30150 
3x3 5000 6900 13400 14450 19500 25500 
4x4 4650 6300 11950 12200 16300 19750 
butt joint 1200 1350 1500 1300 1370 1390 
ts aciiasil a ee | : 
air gap: 
0.009 in. 270 270 270 240 240 240 
0.030 in. 115 115 115 120 120 120 
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79% nickel (nominal), 17% iron and 4% molybdenum. 
Allegheny Mumetal contains 78% nickel, 5% copper, 
1.5% chromium and the balance iron. 

Typical basic physical constants for these three alloy 
groups are listed in Table I. 

Stacking and Interleaving. The permeability of a 
stack of laminations depends upon many factors other 
than the properties of the basic alloy. The lamination 
shape, stamping techniques, thickness, amount of inter- 
leaving, hydrogen annealing, superposed d-c field, and 
handling, all have an influence on the magnetic perform- 
ance of the finished assembly. 

The permeabilities of the order shown in Fig. 4 are 
never realized in laminated stacks because of the effec- 
tive air gaps present. Since the shapes of the punchings 
have been designed to facilitate assembly into prewound 
coil forms, it is evident that such gaps exist. In the case 
of the DU’s, however, the permeabilities are found to 
approach those of a tape wound core. 

The usual method of stacking transformer laminations 
is to insert adjacent layers of E’s and I’s into the coil 
form from opposite directions so that they are inter- 
laced. This arrangement is termed 100 per cent inter- 
leaved or simply 1 x 1 stacking. Since an air gap exists 
between the E and I pieces of each layer, the tendency 
is for some of the magnetic flux to fringe at that point. 
When this gap is bridged by the metal of the adjacent 
pair of punchings, a better path is provided for the flux 
to travel. As a result, a transformer stack made up of 
E and I punchings will have its optimum permeability 
when they are 100 per cent interleaved. 

There are applications when such performance is not 
required and where satisfactory permeabilities may be 
developed by inserting two adjacent layers of laminations 
into the coil form at a time from the same direction. 
with the next two layers being inserted from the opposite 
direction. This is described as 2 x 2. Where all the E’s 
are inserted from one side and the I’s from the other. 
the assembly is referred to as a butt-jointed stack. This 
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Fig. 4—Induction vs permeability curves for 
50 and 80 per cent nickel alloys. Conven- 
tional dividing line is 3 kilogauss induction. 


arrangement is often used in chokes to smooth out tin 
variation of the exciting current waveform. 

In Table II are shown some typical values of permea- 
bility measured on a stack of EI-75 laminations both in 
48 Alloy and HyMu80 at the three industry-accepted 
standard test inductions of 40, 200 and 2000 gauss. The 
same laminations are used to obtain all the values shown. 
The variation is entirely 
they are assembled. 

The EE and F types, by virtue of their geometry, do 
not provide the overlap enjoyed by the EI and L types. 
Hence the permeabilities that they develop are lower, 
as illustrated in Table III. 

Superposed D-C Fields. A characteristic of utmost 
importance to the transformer designer is incremental 
permeability. This is the effective permeability of a 


due to the manner in which 


Typical Minimum-Permeability Manufacturing Limits 


(Measured at standard test inductions with 60 cps sinusoidal a-c voltage) 

















Minimuin a-c permeability 
0.014-in. am ae 
laminations 48 Alloy | HyMu80 
a a 40 200 2000 40 200 2000 
Lamination shape gauss gauss gauss gauss gauss gauss 
DU* 4000 6000 16000 13000 18000 30000 
Ul* 3500 6000 18000 | 10000 15000 30000 
L* 3000 5000 16000 13000 17000 22000 
EI* 3000 5000 10000 7000 9000 15000 
EE-26-27 4000 6000 14000 | 10000 13000 18000 
EE-24-25 3000 5000 10000 9000 12000 15000 
F-12 3200 6000 13000 9200 14000 23000 
F-13 2000 2300 3000 2200 2400 2700 
F-20 1200 1500 1600 2200 2600 2700 
F-21 1300 1600 1700 2200 2500 2700 
*Permeability values listed for DU, 


minimum values for most sizes are 
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he L and EI laminations are lowest values for a group of sizes of each shape; 
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20,000 

15,000 

10,000 

= 9000 
Fig. 5 — Typical transformer-coupled 5 
amplifier. Superposed d-c field from 2 
d-c plate current requires that incre- £ 
mental rather than a-c permeability a 
value be used for design purposes. 2 
® 
S 





30 = 60 80 100 200 300400 600 800 1000 2000 3000 
A-c flux density, gouss 
Fig. 6—Incremental permeabil- Fig. 7—Representative curves of incremental or effective permea- 


ity is the slope of minor hystere- 
sis loop X-Y, where X is the 
bias point of superposed d-c 
field on major hysteresis loop 
characteristic of core material. 


lamination stack which supports both a d-c as well as 
an a-c magnetic field due to the combined currents in 
the transformer winding. 

A typical case is illustrated in Fig. 5 by a trans- 
former-coupled amplifier in which the d-c plate current 
of the amplifier tube flows through the primary winding 
of the transformer as well as the a-c signal current. The 
direct current will be a fixed value as determined by the 
tube characteristics. Hence, the resulting d-c magnetiza- 
tion will be a fixed value, such as point X on the static 
hysteresis loop of Fig. 6. The a-c signal current will 
develop an a-c field that varies with the magnitude and 
direction of the current. This will be manifested as an 
excursion from the d-c loop 
loop such as X-Y. The slope of this minor loop is a 
measure of the incremental permeability. 

This characteristic is generally presented 
of curves of incremental permeability vs a-c 
for various fixed levels of d-c as in 
Fig. 7. It will be flux density 
the incremental permeability decreases with an increase 
in d-c Failure to consider the effects of 
d-c magnetization leads to the common design pitfall of 
using straight a-c permeability values, which would be 
optimistic. Unfortunately the measurement of incremental 
permeability data is a very tedious one and is seldom 
performed by lamination manufacturers. As a_ result, 
only representative measurements of random samples are 
generally available. These, may be used with 
judicious consideration, little experience will 
enable one to predict the effect of a given d-c field. 

Thickness. Most nickel-iron laminations are produced 
from 0.014 in. thick strip (29 gage, U. S. standard). 
This is the most economical thickness for high permea- 
bilities. For 400-cps applications it is usual to specify a 
thickness of 0.006 in. to minimize eddy current losses. 
The permeabilities of both 48 Alloy and HyMu80 are 
affected by the thickness of the material. The permeabil- 
ity at 0.006 in. is usually higher than the permeability 


along a minor hysteresis 


as a family 
flux density 
magnetizing force, 
noted that for a given a-c 


magnetization. 


however. 
since a 
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bility vs alternating flux density for various superposed d-c fields. 


at 0.014 in. The degree of difference varies with the shape 
of the lamination. The cost of the lighter gage punchings 
is considerably higher than those of standard 0.014 in. 
thickness, hence specifying the proper gage is an im- 
portant cost consideration. 

Stamping Tolerances. Maintaining accurate phys- 
ical dimensions during the stamping process is essential. 
If the edges of the laminations are not cut off squarely 
and cleanly, a greater air gap will be introduced where 
the mating parts are butted together. Clean edges can be 
obtained only by using very accurate dies of high car- 
bon, high chrome steel or tungsten carbide, built by 
master craftsmen, as shown in Fig. 8. Lamination dies 
are unique in that they can be produced only by a rela- 
tively small number of die manufacturers. 

Good practice specifies a maximum burr tolerance of 
0.0015 in. for 0.014 in. thick laminations and 0.0005 in. 
for 0.0006 in. thickness. Excessive burrs can separate 
adjacent layers of laminations sufficiently to decrease the 
permeability, cut through the interlaminar surface in- 
sulation, interfere with stacking or inserting the punch- 
ings into the coil form, or cause shorting of turns. 

Heat Treatment. The most important factor affecting 
the permeability and core losses of high nickel alloys is 
the final heat treatment. Since these alloys are rolled to 
have their optimum punching characteristics they exhibit 
very little of their ultimate magnetic properties while in 
the rolled state. Sufficient quantities of sulphur, 
carbon and oxygen are left in the alloy to require further 
treatment of the lamination after stamping. 

Typical heat treatment procedure consists of a 24-hr 
cycle during which the laminations are contained in an 
air-tight chamber through which pure, dry (—-70 F dew 
point) hydrogen flows continuously to reduce the above 
impurities, which are then carried away as hydrogen 
sulphide, methane and water vapor. Material is first 
heated to 2050 F, held at this temperature for 4 hr, and 
then slowly cooled at a rate of —100 deg F per hr to 
1100 F, which is below the critical temperature, before 


cold 
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removal from the chamber. Table IV lists before-and- 
after-annealing properties of random samples of 48 Alloy 
and HyMu80. 

interlaminar Insulation. High nickel alloy lamina- 
tions will weld solidly together at annealing temperatures 
unless separated from each other by an inert material 
which will withstand the annealing temperature and not 
contaminate the metal. Welding during anneal is prevented 
by coating the strip with a thin deposit of magnesium 
oxide before the stamping operation. To prevent excessive 
die wear or sticking on the punches, this coating must 
be thin, non-abrasive and hard. The light residue of 
powder that remains on the surface after the heat treat- 
ment serves as an excellent surface insulation that is 
further enhanced by a surface oxide of negligible thick- 
ness developed after the annealing. Such surface oxida- 
tion is usually specified for 400-cps applications where 
losses from interlaminar currents must be kept to a 
minimum. It has become standard practice with many 
companies to supply all high nickel laminations with a 
surface oxide coating. 

Handling. Annealed laminations are quite soft and 
very strain sensitive. Hence they must be handled with 
utmost caution to prevent serious impairment of mag- 
netic properties. This caution applies particularly to the 
bending of the laminations during stacking, and also the 
taping of the core assembly, to insure minimum gaps. 
While the manufacturing techniques of assembling 
laminations are beyond the scope of this article, they 
nevertheless can have an important influence on the mag- 
netic performance of the end device. 

Testing. Magnetic testing of laminations by the manu- 
facturer is usually confined to the measurement of 60- 
cps permeability. This can be done quite rapidly on a 
production basis by measuring the inductance of a core 
assembly stacked with random samples from a given lot 
of laminations; the a-c permeability can be easily cal- 
culated from this value. . : 

In order to cover a practical performance range, the Fig. 8—Three-piece progressive punch and die assembly for 

. , 2 . an instrument servo motor punching. Maximum permissible 
previously cited standard test inductions of 40, 200 and punch-and-die clearance is 5 per cent of lamination thickness. 
2000 gauss have become generally accepted by both 
manufacturers and users (although to date there are no 
specific Standards as such). 





At these inductions individual manufacturers have that minimum permeabilities can be published and main- 
established minimum manufacturing limits for 0.014 and tained is a tribute to metallurgical progress. And the de- 
0.006 in. thicknesses in popular shapes and alloys, as signer can reasonably expect these minimums to be 
typified in Table III. Although these minimum values periodically revised upwards as a result of continued 
vary from manufacturer to manufacturer, the very fact __ research. O00 


Effects of Heat Treatment on Magnetic Properties 








TABLE IV (Measured at standard test inductions with 60 cps sinusoidal a-c voltage) 
48 Alloy | HyMus80 
0.014 in., A-c permeability watts /Ib A-c permeability watts /Ib 
1 x 1 interleaved ener AE Ne a eee ee Tee 
40 200 2000 10,000 40 200 2000 5000 
gauss gauss gauss gauss gauss gauss gauss gauss 
Before annealing 135 170 400 5.44 700 750 1700 me 
After annealing 5500 9500 22000 0.27 15000 20000 30000 0.02 
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Adjustable-voltage, variable-speed drives advance to a 
higher order of control as linear RC timing networks 


upgrade conventional programming circuits to .. . 


Electronic Controls for 
Timed Acceleration of D-C Motors 


Here are three circuits for: 


I. Linear acceleration during startup 
only 


2. Linear acceleration and deceleration 
at same rate during starting. stopping 
and speed-changing 


3. Linear acceleration and deceleration 
at independent rates during stopping. 
starting and speed changing 


P. A. HERRMANN, Industrial Control Engineering 
Specialty Control Department 

GENERAL Evectric COMPANY 

Waynesboro, Virginia 


Electronic timing circuits in the amplifiers of sectional paper 
machine drives allow each section to be started and accelerated 
at an optimum rate for that particular section without affecting 
the running performance of oher secions. Once all sections are 
up to speed, the individual acceleration-control circuits yield to 
a master speed controller. Circuit | applies. 
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PRECISE SPEED REGULATION OF D-C MOTORS is today a 
highly developed art. And the versatility of tne d-c shunt 
motor has been widely exploited in drive requirements 
ranging from a single speed to continuously variable 
speeds, to an infinite number of constant speeds. But 
the present trend toward both highly integrated multi- 
motor drives for continuous operations (for example 
paper-making machines) and more complex duty cycles 
of individual machines (as in numerically programmed 
machine tools) requires not only accurate speed control 
but also close regulation of both the time and rate of 
acceleration and deceleration in starting, stopping or 
changing from one speed to another. 

Fortunately the very nature of closed-loop, adjustable- 
voltage variable-speed drives makes acceleration control 
a natural evolutionary step. In fact several successful 
circuits have been developed to provide varying degrees 
of acceleration control. Three such circuits will be 
presented. But first, a quick review of basic d-c motor 
control systems will set the stage for a discussion of ac- 
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celeration control prineaples.amd their application to 
commercially developed<cemtel ciresits. 


Basic D-C Motor Control Systems 

Full-Voltage Starting 

Starting of d-c shunt motors by applying full voltage 
across the armature is limited to a few applications of 
low horsepower drives. Common practice is to apply 
voltage gradually during the starting period. This need 
can be explained by the three basic equations for d-c 
machines: 


J Bacay te TF (1) 
Eumt = KN (2) 
T = K,.N (3) 
where 
} voltage impressed at motor armature terminals 
Keems = Counter-electromotive force (or voltage) generated 
by the armature 
/, = armature current 
R, = armature resistance 
K,, K_ = constants for a given machine 


NV = motor speed, rpm 

Equation (2) applies where voltage supply to the motor 
field is held constant; at standstill when motor speed 
V is zero, E.ome must also be zero. If full voltage V is 


applied to armature with E., at zero, Eq (1) shows 











Loe 


Constant Voltage Systems 


Starting 












Series 


Constant storting 7 reray 
voltage resistors | | contacts 
d-c bus 5 







Controlled by current, voltage or timing relays. 


Speed 


“=== Current 


Time 
Typical starting characteristics. 


that armature current /, will be limited only by the low 
armature resistance R,. Thus starting current may be 10 
to 12 times motor rating, and the initial torque will be 
correspondingly high. 

As the motor accelerates, E.om, increases and arma- 
ture current and torque decrease to a safe value. But 
the initial surge of current and torque during full-volt- 
age starting can easily cause commutator arcing, insula- 
tion damage, strain on driven load and coupling, or 
severe voltage dips in the power feeder. For these reasons 
reduced-voltage starting has been widely adopted. 


Reduced-Voltage Starting 


There are two basic systems in general use—constant 
voltage and adjustable voltage. The former is for single- 
speed applications; the latter for variable or multi-speed 
applications. 

Constant Voltage. This is usually a non-electronic 
method of control employing a string of resistors in 
series with the armature to limit starting current. As 
motor accelerates and counter-emf builds up, these re- 
sistors are shorted out in sequence. Besides manual 
switching, there are three common methods for auto- 
matically programming constant-voltage starting: cur- 
rent-limiting control, counter-emf control and definite- 
time control. 

Current-limiting controls use a set of current relays 
in series with the armature. The series resistors are 
selected so that starting current is always greater than 
running current. Then as motor comes up to speed and 
E.emt increases, 1, decreases and the relay coils drop out 
in succession to close their contacts and short out each 
series resistor in turn. 

Counter-emf controls operate similarly with voltage 
relays connected in parallel across the armature. As E .em: 
increases, each relay in turn operates to close its contact 
across a series resistor. 

Definite-time controls employ timing devices to short 
out successive resistors at definite time intervals. 
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Adjustable Voltage 


Systems 













Induction 
motor 
D-c D-c 
A-c t tor 
ae generator moto 
line 
armature armoture 
Gen Motor 
field field 
P Fixed Fixed 
or or 
controlled controlled 
d-c voltage d-c voltage 


Motor-generator set (Ward Leonard system) 


These three methods are relatively inexpensive and 
widely used where control during starting only is re- 
quired. However, acceleration is not smooth as these 
are fundamentally stepping controls. The acceleration 
time for both current-limiting and counter-emf controls 
is a function of load because each requires that the motor 
accelerate to a preset point (as determined by E.ems or 
I,) before switching to the next step. And this takes 
longer for heavy loads than light loads. With definite- 
time controls the total acceleration period is fixed, but 
the rate of acceleration will vary from step to step. For 
all three methods the starting program is not easily 
changed since it requires re-adjustment of the relays, 
often a tedious process. 

Adjustable Voltage. For variable-speed or multi- 
speed drives, some form of armature voltage control is 
almost universally used in the form of motor-generator 
sets (Ward Leonard), rotating amplifiers (Amplidyne, 
Rototrol, Regulex, ACA, etc.), or electronic circuits using 
grid-controlled thyratrons or magnetic amplifiers. Among 
the advantages of these more complex systems over con- 
stant-voltage controls are: 

A. Smooth stepless control of acceleration during 
starting. 

B. Elimination of large power-dissipating 
banks. 

C. Adaptability to closed-loop servomechanisms in 
which small amounts of control power can provide close 
speed regulation plus control of both acceleration and 
deceleration of even the largest motors. 


resistor 


Timed Acceleration Programming 


The acceleration control circuits to be presented were 
developed specifically for adjustable-voltage drives op- 
erating as closed-loop servomechanisms. As illustrated in 
the block diagram, any desired motor speed is signalled 
by a particular voltage input to the reference program- 
ming element. 

This reference signal is combined with a feedback 
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Rotating alternator (Amplidyne) 


voltage indicative of the actual motor speed to provide 
a difference or error signal proportional to the change 
in speed required. If error signal is more than a slight 
percentage of the feedback voltage, the motor’s power 
amplifier is turned full on to accelerate or decelerate 
at its own natural rate; this rate gradually diminishes 
as the error signal goes to zero. 

The function of the acceleration control to be pre- 
sented is to introduce a definite time delay for any 
change in input reference voltage, or more specifically 
to program any changes in reference voltage at a fixed 
rate. Thus the power amplifier is never turned full on; 
instead the motor accelerates or decelerates at a re- 
strained linear rate. 

Linear R-C Timing Circuits. Most timed accelera- 
tion circuits utilize the charging and discharging of a 
capacitor through a resistor to achieve the required time 
delay in reference voltage. 

As shown above in a simple RC network: if a d-c 
voltage Ej, is applied to a resistor and capacitor in 
series, the capacitor voltage E,.,, will be initially zero 
and the full input voltage will appear across R. Initial 
current flow will be £;,/R. As capacitor charges, E,u; 
will increase, Ex will decrease and the charging current 
will decrease exponentially with time until E,,, equals 
E;,. The product of R and C, called the time constant 
of the circuit, represents the time required for EF, to 
reach 63.2 per cent of Ej,. Thus the circuit is essentially 
a constant time circuit, regardless of the value of Ej. 


Error 
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But this circuit can not be used directly for linear 
acceleration control unless modified to provide a con- 
stant, rather than exponential, charging rate as follows. 

The two basic equations for capacitor charging by a 
d-c voltage are: 


Q0=CV (4) 
iui (5) 
dt 
where 
Q = capacitor charge in coulombs 
C = capacitance in farads 
V = applied voltage 


I = charging current in amperes 
And differentiating Eq (4) with C constant: 
a cw (6? 
dl dl 


Thus if the series resistor R could be made continu- 
ously variable so that the current would be constant 
regardless of the voltage drop across R, the charging 
rate dQ/dt would be constant, and the rate of change of 
output voltage would also be constant. The three cir- 
cuits that follow use widely different techniques to 
achieve constant-current charging for linear acceleration 
control. 


Driven 
element 







Electronic timing circuits in reference programming element 
transform step changes of input reference voltage to constant- 
rate voltage changes for linear acceleration and deceleration. 
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. . . Timed Acceleration of D-C€ Motors, cont'd 


Circuit 1: for linear acceleration control during startup only 


+105v d-c 
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a. Tube 1A controls acceleration during startup only and then yields control 


THIS SIMPLE BUT EFFECTIVE timing circuit utilizes only one 
half of a twin-triode amplifier for acceleration control, with 
the other half serving in the first amplifier stage of the 
running control. From standstill up to running speed the 
output reference voltage is controlled by tube 1A; once 
running speed is attained, tube 1B assumes control. 

When the drive is started, the grid voltage of tube 1B 
is negative by the setting of the speed control potentiometer. 
As the drive comes up to speed, the motor armature feedback 
voltage rises from zero or ground bus level. The net input 
signal to the grid of tube JB then becomes less and less 
negative until this tube comes into range and begins to 
control the output voltage signal to the remainder of the 
amplifier. As the grid becomes less negative, more current 
will flow through the tube, with a resultant larger voltage 
drop across plate resistor JR. The output signal, as 
measured between the plate of tube 7B and the ground bus, 
will drop. The system is so designed that a positive-going 
voltage from point J to ground turns the control in the full-on 
direction. Tube section 1B will call for as much current 
as the control can supply or the motor can absorb during 
starting. 

At standby, when the control is energized and the power 
loop to the motor is open, the grid of tube 1A is shorted 
to ground through the normally closed contact of the standby 
relay. The tachometer generator mechanically coupled to 
motor shaft has no voltage developed across it during 
standby when the motor is not rotating. Since the tachometer 
has a low impedance, both sides of timing capacitor 1C 
are effectively tied to ground during standby and no voltage 
can exist across it. The cathode bias resistor 2R for tube 
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to tube 1B which acts as first stage of power amplifier controlling motor. 


section /A is so selected that with the grid at zero or ground 
level, tube JA will just be turned full on. The resultant 
current flow through plate resistor 7R will cause a sufficient 
voltage drop across it to hold the output signal to a low 
value. Thus, timing amplifier tube 1A has taken over control 
of the system from amplifier tube 1B, since it is carrying 
the greater amount of current to affect the voltage drop 
across resistor JR. 

Now, on startup the standby relay contact is opened. 
Point 3 on capacitor 1C remains at zero, since the motor 
has not begun to rotate and no voltage has yet appeared 
across the tachometer. Because the voltage across a capacitor 
cannot rise instantaneously, point 4 and consequently the 
grid of tube 1A will remain at zero volts. At this time 105 
volts will appear across resistor 4R and current will flow 
through it to charge the capacitor 1C. Meanwhile tube 1B 
attempts to turn the system full on but current flow through 
tube JA will keep the output signal at a low level to hold 
current to the motor down. Since the typical control 
amplifier portion of the closed loop system has a high gain, 
a signal change of less than 1 volt at the first amplifier 
grid usually is sufficient to turn the control current through 
the motor from full off to full on. As 1C charges, point 4 
will remain at approximately the zero volt level and point 3 
on capacitor IC will be pulled negative as the capacitor 
charges and the tachometer generator output increases in 
the negative direction. 

During the entire charging period of JC, point 4 will 
change only a fraction of a volt required to increase the 
output signal to provide the necessary accelerating current. 
Thus, 1C will charge at constant current rate as determined 
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by the 105-volt positive bus charging voltage divided by the 
resistance value of 4R. Resulting motor acceleration will 
therefore be linear as described earlier in the article. The 
value of grid resistor 7R is selected large enough so as to 
limit the flow of grid current in tube 1A. Therefore tube 1A 
will not load down the timing circuit enough to affect the 
linearity of charging. 

RC Values. To calculate typical timing circuit values, 
let us assume that it is desired to control the acceleration 
from startup to 500 rpm with control operating speed 
range always above this value. With the tachometer generator 
rated at 50 volts per 1000 rpm, let us further assume it is 
desired to accelerate to the 500 rpm speed in 5 sec. The 
value of charging current will be 105 volts divided by one 
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megohm or 105 microamp. The rate of change of voltage 
required for charging capacitor 1C will be 25 volts divided 
by 5 sec or 5 volts per sec. From Eq. (6): 


1-2 ce 


dt dt 


Since the charging current and rate of voltage change 
in Eq. (6) are known for this circuit, the value of capacitance 
necessary to achieve the desired charging may be easily 
calculated. In this case capacitance C in microfarads is 
equal to charging current J of 105 microamp divided by 
the rate of change of voltage of 5 volts per sec. This value 
of C is 2] microfarads. A standard 20-uf condenser will 
provide the required charging rate. 


Circuit 2: for acceleration and deceleration at the same rate during 
starting, stopping or speed changing—with provision for an inde- 


pendent deceleration rate for stopping only 
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Pentode tube serves as variable resistor to provide constant charging 
current to timing capacitor; acceleration potentiometer sets tube bias. 


THIS IS A SIMPLIFIED VERSION of a circuit using a pentode 
amplifier tube as a variable resistor to provide constant 
charging current to a timing capacitor to achieve linear 
acceleration, and constant discharging at the same rate to 
achieve linear deceleration. 

Acceleration. When the speed control potentiometer is 
turned in the increase direction, positive voltage will be 
applied to the plate of diode tube JA and also to the 
cathode of diode tube 34. Tube 14 will conduct and tube 
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3A will be cut off. Current will then flow from the center 
arm of speed control potentiometer, through diode 1A, 
through pentode tube 2, through diode 3B to charging 
capacitor 1C. Return path for the current traces from the 
negative side of capacitor 1C back to the speed potentiometer 
through zero volt bus. 

A separate power supply is required to supply correct 
grid voltage levels to the pentode tube. Two resistors and 
a rheostat are connected in series across the isolated power 
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Pentode Tube Characteristics 


supply. The positive side of this voltage divider is connected 
to the screen grid of the pentode to provide the required 
screen potential. The cathode of the pentode tube is con- 
nected to a point part way down on the divider. The control 
grid voltage of pentode is tied to the negative side of the 
supply. The bias or difference voltage between control grid 
and cathode of the pentode tube may be varied by adjust- 
ment of acceleration potentiometer JP. 

The family of plate characteristic curves shown for a 
typical pentode amplifier indicates that adjusting accelera- 
tion potentiometer 7P to vary the bias between control grid 
and cathode will also vary the amount of current flow 
through the pentode. Further examination of these curves 
shows that for a given control grid bias voltage, the 
current flowing through the pentode tube will remain 
essentially constant regardless of voltage across it. This, then, 
is the key to providing a linear increase in reference voltage 
with a resulting linear acceleration. 

If the speed control potentiometer is turned quickly from 
zero to a positive voltage level, there will be no initial 
charge (or voltage) appearing across the capacitor terminals 
at the initial instant. The capacitor will then charge with 
time at a rate determined by adjustment of potentiometer ]P. 
The plate of the pentode will be fixed at speed control 
potentiometer voltage level, but the voltage level of the 


cathode of the pentode will rise as the capacitor charges. 
This rate will be linear since even though the pentode’s plate- 
to-cathode voltage decreases as the potential on capacitor 1C 
builds up, a constant current will flow through the pentode 
until the voltage across capacitor 1C equals the voltage set by 
the speed control potentiometer. At this point equilibrium 
will be reached and the pentode will cease conducting. Some 
non-linearity is introduced as equilibrium is approached 
due to the fast drop in plate current for low plate voltage. 
but this affects only the tail end of the acceleration period. 
Although plate-to-cathode voltage changes during the charg- 
ing. it is essential that the fixed potentials be maintained 
between screen grid, control grid, and cathode for the 
charging to occur at a constant rate. Hence, the need for 
an isolated power supply. 

The positive terminal of capacitor IC is fixed to the 
crid of a cathode follower tube, which represents a high 
impedance to the capacitor charging circuit. Since there 
is no flow of grid current in the cathode follower amplifier, 
the linearity of the charging circuit will not be affected by 
current drawn by the load. The output of the cathode 
follower tube between the cathode and zero volt bus pro- 
vides a “stiff” voltage (i.e. unaffected by loading of output 
circuit) as an output reference. (This will be treated in 
more detail under Circuit 3, along with a method for 
linearity compensation of cathode followers.) 

Deceleration. When the speed control potentiometer is 
turned in the decrease direction, a negative-going voltage 
will be applied to the plate of tube 7A and the cathode 
of tube 3A. This will allow tube 34 to conduct and turn 
tube 1A off. Since tube 1A no longer conducts, the cathode 
of tube JB will no longer be held at a potential more 
positive than the plate of tube 1B (as determined by the 
charging voltage at capacitor 1C). Therefore capacitor 1C 
will begin to discharge through tube 1B, through pentode 2 
and through tube 3A to the center arm of the speed control 
potentiometer. The discharging path will be completed 
by the flow of current through the speed control poten- 
tiometer or the regulated power supply back to the negative 
terminal of capacitor 1C through the zero volt bus. Rate 
of discharge will be the same as the charging rate, conse- 
quently the rate of deceleration will be the same as the 
rate of acceleration. 

Separate Stopping Rate. An additional potentiometer and 
a switching relay can be added to provide a separate rate 
for deceleration to a complete stop. The relay would switch 
the input lead (plate of diode 1A and cathode of diode 34) 
from the speed control potentiometer to ground, and at 
the same time switch the deceleration potentiometer into 
the isolated power supply’s voltage divider to replace the 
acceleration potentiometer. 


Circuit 3: for independent control of both acceleration and deceleration 


rates during starting, stopping or speed changing 


THIS CIRCUIT DEVELOPED By General Electric engineers 


utilizes a triode cathode follower with grid voltage controlled 
by the charging rate of the timing capacitor. A special 
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compensating circuit is included to improve the linearity 
of the cathode follower output. 
Acceleration. Motor speed potentiometer IP is set to a 
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this interval, although over a much narrower range than 
the plate-to-cathode change. 
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Diode bridge provides separate charging and discharging paths to 
capacitor 1C for independent rates of acceleration and deceleration. 


reference voltage corresponding to desired motor speed. 
The output reference signal then increases or decreases at 
a linear rate until it is equal to the input reference signal 
as set by the speed control potentiometer. This output 
signal is then combined algebraically with a feedback 
signal indicating actual motor speed. The difference voltage, 
or error signal as it is usually called, is fed through the 
electronic amplifier and power circuits to complete the 
typical closed loop system as described earlier in this article. 

To increase motor speed, potentiometer /P is turned in the 
direction of the arrow. The voltage at point J] then becomes 
more negative with respect to the zero bus, causing the 
eathode of tube 1A and the anode (plate) of tube 2A 
to become more negative. Tube 1A then conducts and tube 
2A is turned off. Point 2 assumes the same voltage level as 
point J, since it is effectively connected to point ] through 
tube 1A. This negative voltage then appears on the anode 
of tube 1B and turns it off. Now, during the half cycle of 
the a-c voltage on transformer 1T when point 5 is negative 
with respect to point 6, the cathode of tube 2B will also 
go negative. Tube 2B then conducts, causing capacitor 1C 
to charge through acceleration potentiometer 2P, and tube 
2B. The charging circuit is completed by a path through 
the low impedance d-c power supply from zero volt bus to 
the —210 volt bus and back to the transformer through 
resistor 2R. During the alternate half cycles of the a-c 
wave when point 5 is positive with respect to point 6, the 
cathode of tube 2B is driven positive. This cuts off tube 2B 
and no charging occurs. There is no appreciable discharging 
of capacitor 7C during this portion of the cycle, since tube 
3A operates with a negative bias and there is no flow of 
grid current. Tube 3A acts as a cathode follower in this 
circuit. Since the plate is tied to the fixed d-c bus, the 
cathode voltage level will “follow” the grid voltage level, 
which in turn is set by the amount of charge on /C. 
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If the bias or difference voltage between the grid and 
cathode is neglected, point 6 in effect is tied to point 4 
on capacitor 1C. This is the key to this circuit’s linear 
rate of charge. For with point 6 tied to point 4, transformer 
1T will furnish the same amount of charging current on 
each negative half cycle of a-c voltage regardless of the 
voltage already built up across ]C. This is contrasted to 
the usual exponential charging and discharging rates of a 
capacitor in a simple RC circuit. The constant charging 
rate of JC produces a linear increase in the output reference 
voltage and a corresponding linear acceleration of the motor. 

Now, when IC has charged to the point where the 
negative voltage at point 4 is equal to the input reference 





Circuit 3 was developed specifically for electronic control sys- 
tems such as this packaged Thymotrol* drive using grid-con- 
trolled thyratrons. 
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Additional circuitry for Cireuit 3 corrects bias error of 
cathode follower so that output has full voltage swing of in- 
put reference voltage. 


signal, the anode of tube 7B and point 2 will be at the same 
voltage as both points ] and 4. As 1T attempts to charge 1C 
more negatively, tube 7B will conduct and the voltage on JC 
will be held constant by the input reference signal which 
is a “stiff” or low impedance source for the charging circuit. 
This creates an equilibrium. 

Deceleration. When it is desired to decrease speed, 
potentiometer ]/? is turned down. The voltage on point / 
will become more positive, causing tube 2A to conduct and 
tube 1A to be cut off. Point 3 then assumes the same voltage 
as point J. This positive-going voltage applied to the cathode 
of tube 2B will then in turn cut it off. Now, on half cycles 
of IT when point 5 is positive with respect to point 6, the 
anode of tube JB will also go positive. Capacitor 1C then 
charges positively through deceleration potentiometer 3P, 
tube 1B, the low impedance voltage source from the zero 
bus to the —210-volt bus and back through resistor 2R. 

The resistance value of 2R is chosen low enough so that 
appreciable current will flow through tube 3A and 2R, but 
with the current low enough to remain within the rating 
of the tube and power supply. This creates a low impedance 
output reference signal that is not appreciably affected 
by changes in loading in the amplifier circuit which it 
will supply. 

Cathode-Follower Linearity Compensation. For any given 
voltage between the anode and cathode of a triode amplifier, 
there exists a corresponding voltage level on the grid 
necessary to produce this given voltage. With a triode tube 
used as a cathode follower the grid is required to travel over 
the full reference voltage range. Since the plate voltage 
is fixed, and the cathode follows the grid, the plate-to-cathode 
voltage also varies over this wide range. The difference or 
bias voltage between grid and cathode also changes during 
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this interval, although over a much narrower range than 
the plate-to-cathode change. 

With the speed control potentiometer set at zero, the 
output reference voltage at the cathode of tube 3A will be 
approximately 2 volts positive. When a speed potentiometer 
is turned to maximum level of —105 volts, the output 
reference voltage will be about —99 volts. This distortion 
in the reference signal, caused by the change in bias on the 
cathode follower, will introduce a distortion in the linearity 
of motor acceleration. 

Up to this point, the effect of distortion on circuit output 
has been neglected. The additional circuitry shown with 
the basic diagram for Circuit 3 overcomes the non-linearity. 
Resistor 3R is so selected that when the input signal is 
at zero volts, the voltage drop across 3R is just equal to the 
voltage by which the cathode of tube 3A is positive with 
respect to the grid. This will allow point 6 to be at zero 
voltage level when point J is zero. As the speed control 
potentiometer is turned in the increase direction, point / 
will become negative with respect to the zero volt bus and 
point 6 will follow at a rate determined by the setting 
of potentiometer 2P. 

The current through tube 3A is determined by dividing 
the voltage drop across resistors 2R and 3R by their 
resistance values. Since the voltage across 2R decreases as 
output reference voltage goes negative, the current through 
tube 3A likewise decreases. The correcting action of 3R 
decreases with increasing output reference voltage since 
tube 3A conducts less current. Bias voltage however increases 
with decreasing current through the tube, requiring addi- 
tional correction. The increasing bias voltage becomes 
appreciable with respect to the a-c charging voltage from 
transformer ]T as output increases. Since the net charging 
voltage applied to the capacitor is the algebraic sum of 
these two voltages, the charging rate will be affected by 
bias change. 

To compensate for this, tube 3B and its associated 
circuitry is added. Note that the right side of transformer ]T 
is now connected to point 7 instead of to point 6. For 
zero reference level, the cathode of tube 3B is much more 
positive than its grid, the voltage of which is fixed by a 
divider comprised of 6R and 7R. Resistor 2R is now tapped 
to provide the proper voltage at point 9. Since tube 3B 
does not conduct when output reference level is zero, there 
will be no voltage drop across 7R and point 7 will be at 
the same voltage level as point 6. Now, as output reference 
level increases, the voltage on point 9 becomes more negative 
and tube 3B begins to conduct. 

The positive d-c voltage drop across 4R changes with 
current flow through tube 3B in proportion to the change in 
bias on tube 3A. Thus, this positive voltage balances out 
the negative bias voltage so that the net charging rate 
remains constant. Since tube 3B is gradually turned on and 
off during changes of output reference signal level, the 
bias correction of 4R is effective throughout the range of 
reference signal, losing its effectiveness only near the zero 
reference level when 3R will provide sufficient bias correction. 
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Fig. 1—Change in viscosity with 
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High-Temperature Solventless 


Encapsulating Resins 


4 class of solventless resins reviewed 
here combines the established outstand- 
ing thermal and dielectric properties of 
the silicones with the advantages of com- 
pounds that can cure without release of 
volatiles. A homogeneous compact cured 
structure is thus obtained free from cracks 
and voids, assuring optimum thermal 
dissipation and preventing internal co- 
rona. Long-range service of the order of 
10 years at 200 C is indicated. 


Table I—Selected Mechanical Properties 
of Solventless Silicone* 








Tensile strength, 100 C, psi 200 
Elongation, 100 C, per cent 15.5 
Modulus, 100 C, psi 1100 


Hardness (Shore Durometer-D) 75 
Weight loss, 30 days at 250 C 





Aged in air, per cent 6.2 
Aged in nitrogen, per cent 2.5 
*Solid specimen from liquid resin containing equal parts of 30-stoke and 0.2 


stoke resins. 
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DEVELOPMENT OF INSULATING MATERIALS for impreg- 
nating and encapsulating application in electrical equip- 
ment for high-temperature service is a complex problem. 
Improved thermal stability is not the only property re- 
quired. The equipment is usually designed for compact- 
ness and space-economy as well as for high-temperature 
operation; consequently, adequate thermal dissipation 
must be provided. The insulation therefore must also 
exhibit a sufficiently high rate of thermal conductivity. 

Since the difference between ambient and operating 
temperatures will be greater under such conditions, it 
could also be desirable to have an insulation with a 
thermal coefficient of expansion corresponding as closely 
as possible to that of the metal elements of the part being 
impregnated or encapsulated. Another property difficult 
to obtain in many conventional materials is an acceptably 
low power factor at high operating temperatures. This 
is so because the power factor of many materials increases 
greatly with increasing temperatures. 

Intimately connected with the ability of a material to 
carry heat away from the innermost parts of electrical 
apparatus is solidity. If the insulation is to be effective in 


Table !l—Power Factor and Dielectric Constant 
vs Frequency of Solventless Silicone* 








| 


Frequency, cps 100 x tan 6 Dielectric constant 
60 0.07 2.79 
10 0.15 2.79 
105 0.18 2.76 
10° 0.12 2.76 
52 x 10° 0.08 2.75 

187 x 10° 0.18 2.78 

*At 256 
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dissipating heat, it must be compact. having no cracks 
or air pockets. Voids are also conducive to the formation 
of corona which leads to the physical destruction of in- 
sulation. 

Compactness is accomplished by applying the insula- 
tion as a reactive liquid that then sets to a tough solid. 
Several problems arise in providing such a reactive fluid. 
First, its viscosity must be low enough to allow it to 
penetrate all parts of the apparatus, and even into the 
interstices of any porous material that might be present, 
such as glass cloth or asbestos paper. On the other hand, 
its molecular weight, and hence its viscosity, must be high 
enough to make the resulting solid tough and crack-free. 
Solvents cannot be used to decrease the viscosity for their 
evaporation would cause voids. During the chemical re- 
action involved in going from the liquid to solid state 
there must be no volatile products given off for these, too, 
would create voids. 

Silicone resins have several well-known main assets 
that make them desirable for use in electrical insulation. 
High thermal stability, good water resistance and good 
electrical properties. Silicones heretofore available, how- 
ever, have been solids or high-viscosity liquids dissolved 
in a solvent and as such are not suitable for impregna- 
tion of deep sections of composite insulation. Some low- 
viscosity polymerizable silicones have been made before 
but these have always given either brittle glass-like 
polymers or soft cheesy solids on curing. 

A class of vinyl-substituted resins, such as described 
here, have the desired properties. They are actually vinyl- 
containing silicones of high viscosity (20-10,000 poises) 
dissolved in fully reactive silicones of very low viscosity 
(10-20 centipoises). By varying the ratio of high-viscosity 
silicone to reactive diluent silicone, completely homogen- 
eous resins can be compounded having viscosities tailor- 
made to fit a particular application. For example, those 
with a viscosity of 5000 to 10,000 poises are useful for 
such applications as the bonding of mica in the manu- 
facture of mica tape. Those having viscosities of 0.5 to 1 
poise might be used in the impregnation of solid insula- 
tion such as multi-layers of glass cloth tightly wound 
around a conductor. 

In addition to a wide viscosity range, this method of 
compounding a resin carries with it the advantage of 
having some high-molecular weight chain built into even 
the very low viscosity impregnating resins. That this is an 
advantage is shown by the fact that silicones made up of 
a high-molecular weight material dissolved in a low- 
molecular weight reactive resin give tougher thermoset 
resins than those of the same composition containing a 
more uniform molecular weight distribution. 

The polysiloxane character of these resins provides the 
thermal stability, water resistance and good electrical 
properties, while the vinyl groups are present as a means 
of converting the liquid resin to a crosslinked infusible, 
thermoset solid. Crosslinking-polymerization through the 
vinyl groups is effected by the use of such conventional 
peroxide catalysts as ditertiary butyl peroxide, tertiary 
butyl perbenzoate or dicumyl peroxide. As is the case 
with all addition polymerizations, no by-products are 
given off during the reaction. The vinyl groups attached 
to one liquid linear chain merely add themselves to vinyl 
groups attached to other silicone chains producing a 
rigid, infusible polymer. 

Temperatures of 120 C to 150 C are required to con- 
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Fig. 1—Change in viscosity with 
temperature of a 30-stoke solvent- 
less silicone. 
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Fig. 2 — Viscosity - temperature 
change of a solventless silicone 
containing equal parts of the 30- 
stoke resin and 0.2-stoke reactive 
diluent silicone. 


vert the catalyzed fluid resin to a solid. The amount of 
catalyst required varies with the application but is of the 
order of 0.3 per cent to 2 per cent by weight. Thirty to 
60 min is the time required to gel the liquid. In actual 
practice, the resin should be cured 6 hr at 150 C, 2 hr 
at 200C and about 5 hr at the maximum operating tem- 
perature. 


Stability of the Solventless Resins 


One of the problems always associated with the use of 
resins that set up with the aid of a catalyst is their tend- 
ency to set up between the time the catalyst is added 
and the time the resin is used. With most resins, the 
catalyst must be added just before use or the catalyzed 
resin must be refrigerated. Samples of solventless sili- 
cones catalyzed wih 2 per cent ditertiary butyl peroxide 
show no appreciable change in viscosity on being stored 
at room temperatures for 2 years. They are stable for 
over 24 hr at 100 C. 

The stability of the catalyzed resins is advantageous 
for reasons other than long shelf life. For example, it 
is sometimes necessary, in order to develop sufficient 
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strength and toughness in the resin, to use a blend con- Choice of Catalyst and Filler 
taining a large amount of the more viscous component— idl cmeal 
too Jarge to give complete impregnation at room tem- 
perature. This obstacle can be safely overcome by heat- 
ing the catalyzed resin and impregnating at an elevated 
temperature. Figure 1 shows the change in viscosity with 


ditertiary butyl peroxide, tertiary butyl 
perbenzoate or dicumyl peroxide are effective in curing 
solventless silicones, each catalyst has its pros and cons. 
For example, inhibition of polymerization occurs in the 


temperature of a 30-stroke solventless silicone. Figure 2 ee, “i ee _ a ~~ ene ‘a 
shows this same property of a resin containing equal pein - - - a eee = . — — sr 
parts of the 30-stroke resin and a 0.2-stroke reactive perenne having am en aes a 6 pone one 
ines gine position product. Neither ditertiary butyl peroxide nor 
Tine fact that these solventicss resins have a much dicumy| peroxide shows this “copper inhibition.” Diter- 
longer shelf life than conventional organic resins, such "'"Y butyl peroxide is the least sensitive of the three as 
as those containing styrene, indicates that they are also regards inhibition by the presence of foreign matter. 
much less reactive. This makes the problem of inhibition However, is high volatility perenne me aon Se. Bige 
aay Slee: stalin alt tin ‘watihes totaal: ciate ‘leis: Metin een vacuum impregnations. Dicumyl peroxide does not have 
encountered with straight organic resins. The surface of a this limitation. Also surface inhibition is at a minimum 
resin set up at 120 C to 150 C ranges from a heavy syrup = U8 dicumyl peroxide. 
to a tacky solid depending on the temperature and the Both for economy and to improve the physical proper- 
amount of catalyst used. One way of removing the in- ties of the finished product, it is usually advantageous to 
hibited surface is by heating at 250 C for about an hour. mix most resins with fillers. For solventless silicones, the 
This at first appears rather severe. However, in most most useful filler is granular sand, both coarse and mod- 
projected applications for these materials, a 10-year life erately fine. Alumina, Neo Novacite and Alsibronze 21 
at 200 C with intermittent temperatures of 250 C is an- have also been used with eo Any filler that — 
ticipated. Another technique found to be effective in re- = 9” acid reaction must be avoided when dicumyl peroxide 
ducing or even eliminating this inhibition is to cover the is used as the catalyst, since this peroxide is rendered 
surface with aluminum foil, or a layer of Dow-Corning’s useless by traces of acid. 1 he — finely divided the 
BO 200 Guid The tater way be poured ol vin tn filler, the more effective it is in destroying this catalyst. 
cir cae. , An example of such a filler is finely divided flint. 


Physical Properties 


To be useful as an electrical insulation a resin must 
be strong enough at elevated temperatures to withstand 
the normal thermal expansions and contractions which 
| Aged nar. 1 7 conductors undergo during operation. In addition, coils 

and other insulated components are subjected to bending 

and twisting stresses during manufacture and assembly. 
If the insulation is too brittle or too soft, damage might 
result during this handling. Some mechanical properties 
— of a solid resin insulation obtained from a liquid con- 
i1~aw—t a “Aged in nitrogen taining equal parts of 30-stoke and 0.2-stoke resins are 
0 eo given in Table I. The strength of this insulation at ele- 
0 50100 200 300 400 500 600 # £700 vated temperatures is indicated by the tensile strength, 


per cent elongation, and modulus measurements made 
Fig. 3—Per cent weight-loss of a solid casting of solventless at 100 C. 
silicone aged at 250 C both in air and in nitrogen. 
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As an indication of the thermal stability of solventless 
silicones, weight-loss measurements were made on a 14- 
in. casting with an area of 2 sq in. Figure 3 gives the 
weight loss curves for the samples aged at 250 C both in 
air and in nitrogen. Since the area-to-volume ratio of 
the weight-loss samples is much greater than will be en- 
countered in applied insulation, the weight-loss values in 
LIZ hr / 125 C air are probably higher than those occurring in actual 
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am 7256 Sear practice. On the other hand, not many pieces of equip- 
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2 alco pede ; ment will have the luxury of operating in an atmosphere 

of nitrogen. 
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. Electrical Properties 
i One of the most important properties for an insulation 
00.2 is a low power factor. For if the power factor is high, 
=~ 04 electrical losses will cause excessive heating of equipment, 
6 in addition to reduction of operating efficiency. Many 
0 20 40 60 80 100 120 140 resins can be prepared which have a low power factor 
Temperature, deg C at room temperature but as the temperature increases, 
Fig. 4—Tomporsture vs power factor and diclectsie consent the value goes up rapidly. Solventless silicones, on the 


for a solventless silicone cured at 125 C and postcured at 200 C. (Continued on page 360) 
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Data covering additional tube circuits are presented together with 


circuit analysis. Design notes cover a cathode follower for fast rise 


time pulse applications and a phantastron delay to time modulate a 


pulse in accordance with a variable quantity. 


“PREFERRED CIRCUITS” WERE DERIVED BY the National 
Bureau of Standards at the request of the U. S. Navy 
Bureau of Aeronautics to develop one circuit design to 
replace the many designs presently being used to perform 
one function. This article is based on “Handbook, Pre- 
ferred Circuits, Navy Aeronautical Electrical Equip- 
ment,” NAVAER 16-1-519, prepared by NBS and avail- 


able from the Government Printing Office. 


Pulse Cathode Follower 

The cathode follower is used to isolate critical circuits 
from loading effects by virtue of its high input imped- 
ance. Perferred Circuit No. 43, Fig 18,* may be used 
when a circuit is to be matched to a low impedance line. 

This circuit is characterized by a low input capacity 
and a fast rise time response in the order of 0.01 to 
0.03 » sec. However, the follower increases the transition 
as the fall 
time of a positive pulse or the rise time of a negative 


time of negative-going edges of pulses such 


pulse, as defined in Fig. 19. 

The output impedances listed under Fig. 18 were ob- 
tained by adjusting the load so as to reduce the output 
voltage to one-half the no-load value. Thus, in the case 
of a 20-volt signal, the output impedance is measured 
by the value of a load resistor (connected through a 
capacitor) which reduces the voltage to 10 volts. The 
effective output impedance for large signals depends upon 
pulse polarity. In the circuit using a —150 volt supply 
connected to a 22K cathode resistor, the effective im- 
pedance is 300 ohms for a positive pluse and 1400 ohms 


for a negative pulse. 


*Figures 1 to 17 and Cited References 1 and 2 are found in Part I of this 
article, Evecrrican Manuracrurninc, February 1957, p. 101. 
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The rise time depends mostly upon the tube trans- 
conductance and associated electrode and external capac- 
ities. In most radar applications a rise time of 0.02 or 
0.03 wef is adequate. With the 5814WA tube and 300 upf 
added capacity, the pulse rise time is of this order. 
(3)** 

In order to accommodate a range of input voltages. 
several variations in circuit parameters are given. The 
operating level limits indicate the region in which the 
grid begins to draw current. Another limiting condition 
is the heater-cathode breakdown voltage, which is +200 
volts for the 5814WA. The cathode follower character- 
istic curves are shown in Figs. 20 and 21. The plate cur- 
rent can be determined by dividing the cathode voltage 
by the cathode resistance. When the cathode resistor is 
returned to —150 volts, the difference between the cath- 
ode voltage and —150 volts must be used. 

The transition time for negative-going edges of a pulse 
is a function of amplitude, whereas positive-going edges 
are not markedly affected by amplitude. This is because 
of the difference in transconductance during the rise 
and fall of the pulse. The cathode resistor and associated 
capacities are being driven by a source impedance, 1/¢,,. 
During the fall, the tube is nearer cutoff, therefore the 
transconductance is low and the pulse fall time is de- 
termined largely by the cathode resistor, associated 
associated capacity, and the amplitude of the pulse. (4) 
Figure 22 shows the deterioration of transition time as a 
function of amplitude for different circuit connections. 
The effect of using a negative supply connected to the 
cathode resistor is to improve the negative transition 


**Italic numerals in parentheses refer to Cited References at the end of 
the article 
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time for positive and negative pulses. This is a result of 
the tube drawing higher plate current (higher g,,) in the 
quiescent state as compared to tubes operated with the 
resistor grounded. A similar result can be attained by 
connecting the grid-resistor return end to a divided cath- 
ode resistor. 

The effect of added output capacity on the negative 
transition time is shown in Fig. 23. Here also the effect 
is more noticeable on the negative transition time: the 
positive transition time will also suffer, but is less notice- 
able. The curves show that the output capacity should 
be kept at a minimum if fast negative transition times 
are desired. 

The droop is a function of the input coupling circuit 
and is 1.5 per cent for a 500-psec pulse. When high duty 
cycle signals are encountered it will be necessary to 
clamp the input to avoid the negative biasing effect when 
the grounded cathode resistor connection is used. With 
direct coupling, the problem of droop is eliminated. 

The main characteristics to be considered in a cathode 
follower used to isolate circuits are input loading, operat- 
ing voltage level, gain, output impedance, rise time, and 
supply voltage. The discussion will be essentially related 
to the conventional cathode-follower circuit (where grid 
and cathode resistors are returned to ground), to posi- 
tive pulse signals, and to the prototype miniature twin- 
triode tube. 

The input loading depends mainly on the grid resistor 
and electrode and wiring capacities. For most applica- 
tions, the conventional circuit is adequate, and no special 
connection is necessary, such as returning the grid resis- 
tor to the cathode to increase the input resistance. 

The operating level of the cathode follower may cover 
a wide range from a few volts to several hundred. Fig- 
ure 24 shows the difference in the characteristic curve 
for various cathode resistors. The upper limit is set by 
the maximum plate current, grid current, or cathode- 
heater breakdown voltage. In the case of a small cathode 
resistor, say 100 ohms, the operating level is of the order 
of a few volts since the necessary current approaches the 
plate-current limit. The grid-current region is also en- 
countered near this limit. As the cathode resistor value 
is increased, the operating level increases until the heater- 
to-cathode breakdown voltage limits the level. This lim- 
itation is removed by raising the heater supply above 
ground. 

The 2-volt operating level of the 100-ohm resistor is 
associated with a follower used to match a low imped- 
ance line. To attain higher levels with the same resistor 
requires power-type tubes, and hence line transmission 
at high levels should be avoided. The plate voltage will 
affect the grid current region and is selected to have a 
margin above the operating level. 

The gain of the cathode follower using a cathode 
resistor of a few thousand ohms is near unity. However, 
since the expression for gain is 


Sm Ry 
gm Ry + 1 


for small resistors, the value is considerably lower than 
unity. For example, in Fig. 24 the gain for the circuit 
using a 100-ohm resistor is about 0.5 

The output impedance is in the nature of an effective 
impedance since the cathode follower is an impedance 
changing device rather than a transformer. For resistors 
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This cathode follower is used to isolate critical circuits from loading 


effects by virtue of its high impedance input and low impedance 
output characteristics. 


RO ION os ere cc. Ok _ __ 10k_____ 22k (—150v)! 
i A see we sis, Sine rs ew WO ito ice 300 

alsa at ace a as ca ssn sas RF ss ie SI has enesc 

now tiniks (4... ... — . O to 70__ O to!70___ -100 to 180 
Output limits (vj) __ _ O to61_ O tol48___ —-90 to 162 

Output impedance? (2)____ 300___ 420___._ 3003 

Rise time (ysec)__. _ _ _ 0.02. .. O62... ...... O62 

Fall time* (psec)___ _ _ 02... OS... O66 


Input capacity: 2.5 ppt? 
Droop: 15% for 500 psec pulse. 
Ri: +20% limits. Cl: +10% 
Notes: 
1. —150v connected at point A of Ry, 
2. For 20v pulse. 
3.14002 for -2O0v pulse. 
4.For 20v pulse and I5upyf added 
5. Excluding wiring. 
6. For Cl=O.Olyf; droop 15% for |\OOusec pulse 


Fig. 18—Preferred circuit No. 43, pulse cathode follower. 


Negative puise 


90% 







Negative 
going edge 


Fall 
_ || Fo 


time 


10 % 





Rise 
time 





Positive pulse 


(a) Pulse transition time definitions 








‘ 
\ Effect of 
** cathode fo ower \ 


Negative pulse 
\ 


Positive pulse 


(b) Effect of 


cathode fo wer on transition time 


Fig. 19.—Effect of cathode follower on negative going pulses. 
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Fig. 20—Cathode follower characteristic for R,—=22K. 


of large values (over 5000 ohms), the impedance is ap- 
proximately 1/g,,. Otherwise the impedance is more 
accurately the parallel effect of the cathode resistor and 
1/gm- With pulse signals, the effective impedance depends 
upon the operating level because the transconductance 
increases with the plate current. The transconductance 
will correspond to the highest current attained since the 
pulse rises to that value quickly. In a conventional fol- 
lower, a negative signal will tend to cut off the tube and 
the output will therefore be high in impedance. The effec- 
tive impedance should be specified with the level of the 
pulse. 

The rise time of the cathode follower depends mostly 
upon the tube transconductance, associated capacities, 
and cathode resistor. For most applications, the conven- 
tional cathode follower will be adequate and the rise 
time will be usually less than 0.035 psec. The decay time 
is adversely affected by the follower and in some appli- 
cations it may be necessary to take it into account. Fig- 
ure 22 shows the decay time (fall time) for circuits 
using 10K cathode resistors. It is several times the rise 
time. The negative-going portion of a pulse is the part 
affected: this is the decay time for a positive pulse and 
the rise time for a negative pulse, as mentioned pre- 
viously. The follower drives the capacity across the cath- 
ode with an effective impedance of approximately 1/g,.. 
and the RC charging time is that of the follower imped- 
ance and cathode load capacity. When the pulse falls to 
zero, in a short time the tube is in a low current condi- 
tion, and the voltage of the capacitor decays because of 
the cathode resistor. If the cathode resistor is appreciably 
larger than the driving impedance, a longer decay time 
for the negative-going trailing edge results. 

The supply voltage for the follower is not critical 
because of the inherent degeneration. The performance 
is only slightly affected if the supply voltage is decreased, 
for example, from 300 to 150 volts. As mentioned before, 
at the higher operating levels it is necessary to maintain 
a margin between the operating level and the supply 
voltage. The power dissipation within the tube is favor- 
able for circuits using a high value cathode resistor since 
most of the power will be dissipated in the resistor. 
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two control grids. The 5725 is the best tube for the pur- 
pose because of the sharp cutoff characteristic of the 
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Fig. 21—Cathode follower characteristic for Rx—10K. 


Phantastron Delay (Monostable Multi- 
vibrator Circuit) 


Preferred Circuits 56 and 57 shown in Figs. 25 and 
26 are phantastron circuits capable of generating a 
rectangular waveform whose duration is almost directly 
proportional to a control signal. Such circuits are fre- 
quently used in radar equipment to produce movable 
markers for display and to time-modulate a pulse in ac- 
cordance with a variable quantity (antenna position). 

The two circuits are identical except for the inclusion 
of the cathode follower V3 in PC 57. The cathode fol- 
lower decreases the usable range of the control voltage 
and the linearity but is necessary in order to reduce the 
recovery time when the duty factor is greater than 30 
to 60 per cent. Whether PC 56 or PC 57 is used in a 
given application is determined entirely by recovery time 
considerations. 

The suppressor is returned to the screen divider for 
economy of parts and power drain; it is operated about 
5 volts positive during rundown to minimize jitter in the 
trailing edge of the output waveform. The use of a cath- 
ode-coupled phantastron increases the amplitude of the 
initial step in the plate waveform, but permits a low 
impedance output from the cathode. The increased ampli- 
tude of the initial plate drop is not troublesome in this 
application. 

The table in Fig. 25 gives values for the grid resistance 


Transition time 05 
for negative going 
edges of ise sec 
9 pulse, uw 04 IS(upt) added ov) 
capacity (+19 
210% 





Rx 


-80 -60 -40 -20 Oo 20 40 60 80 
Pulse amplitude volts 
Fig. 22 
tude. 


Variation of pulse transition time with pulse ampli- 
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the plate supply be vetween | and 5 per cent of the plate 
load resistance. If the minimum resistance between the 
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Fig. 23—Variation of pulse transition time with added output 
capacity. 


R3 and capacitance C3 for frequently used delays. For 
applications that do not fall within one of these ranges, 
values for R3 and C3 can be determined from the follow- 
ing relations: 

Maximum output duration is 


RC Ve 008 (1) 
Ybb 
Maximum recovery time 
(a) Without cathode follower is 
RC log —— Es sec (2) 
vo — Ve mar 


(b) With cathode follower is 40 psec where V, is 
the control signal voltage. 

By substituting the values for control signal and the 
requisite duration of the waveform, R3 is limited to a 
minimum value of 1 megohm to avoid excessive grid 
current in the tube during quiescent periods. Capacitor 
C3 should be at least 100 ppf to minimize the effects of 
stray capacitances. Delays shorter than 100 psec require 
more complex circuits. (5) The maximum values of both 
R3 and C3 are limited only by the stability of the com- 
ponents. 

If several ranges are to be obtained by switching, the 
most satisfactory arrangement is to leave R3 fixed and 
switch C3 to obtain the delays desired. A cathode fol- 
lower will probably be required to minimize the recovery 
time, but should be used in any case to provide a low 
impedance point for switching and to minimize the effects 
of the added stray capacitance. 

Resistor R4 determines the recovery time of both cir- 
cuits. In PC 56, (Fig. 25) C3 is charged by the grid 
current of the pentode flowing through the plate load 
resistance, giving a recovery time determined by equa- 
tion (2). Addition of the cathode follower in PC 57 
(Fig. 26) permits C3 to recharge through the low im- 
pedance output of the cathode follower, but the plate 
voltage recovery is still retarded by the output capacity 
of the tube and other stray capacities. The latter is gen- 
erally the longer of the two recovery times when a cath- 
ode follower is used. 

The phantastron delay circuit requires a pentode with 
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Fig. 24—Cathode follower characteristic curves for various 
cathode resistors. 
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Terminal | Amplitude Deca Polarity 
v + 

Input | 15 2 Negative 
a 20 Positive 

Output | 60 O1Y, Positive 
2 10 0 Negative 

R3: 5%; R5,RG,R7,RB: t10%, RIR4: +20% limits Ci,C2 

C3: +5% limits R3,C3: temperature stable 

Notes 


1. If shorter recovery time is required see PC 57 
2. Control signal source must furnish a dc return to ground for VI 
3 


. Maximum error may be reduced by reducing maximum control 
voltage (see text and fig. 27) 


4. In percent of maximum duration 


Fig. 25—Preferred circuit No. 56 phantastron delay. 
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two control grids. The 5725 is the best tube for the pur- 
pose because of the sharp cutoff characteristic of the 
suppressor grid. The 5725 is a miniature, sharp-cutoff 
pentode whose control and suppressor grids can be used 
as independent control elements; it is a preferred pre- 
mium type which is electrically equivalent to the 6AS6. 
The 5784WA and 5636 are preferred subminiature 
equivalents. 

In these tubes the total space current is determined 
almost entirely by the voltages on the control and screen 
grids. It is independent of suppressor bias except near 
suppressor cutoff, and independent of plate voltage ex- 
cept at very low plate voltages. The division of space 
current between plate and screen is predominantly a 
function of the suppressor bias. The ratio of plate to 
screen current is constant at positive suppressor voltages, 
and is nearly independent of control and screen grid 
voltages. 

Control Signal. The duration of the phantastron 
wave form can be made proportional to any quantity 
that can be represented by a voltage. When the control 
voltage is obtained from a potentiometer, the latter should 
obtain its current from the plate supply of the phanta- 
stron to minimize error due to changes in supply voltage. 
Since the potentiometer loading error is opposite in sense 
to the phantastron error, partial compensation can be 
obtained by balancing the two errors against each other. 
This requires that the sum of the potentiometer resistance 
and any other resistance between the potentiometer and 
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Preferred circuit No. 57 phantastron delay, fast re- 
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the plate supply be vetween 1 and 5 per cent of the plate 
load resistance. If the minimum resistance between the 
potentiometer and the ground is greater than 22K ohms, 
RI may be omitted. Rheostats in series with both ends 
of the potentiometer are usually provided to permit set- 
ting the reference voltage to the desired range. 

In many cases the control signal is a continuously 
varying voltage proportional to another quantity; for 
instance, a sine wave whose amplitude at any instant is 
proportional to the sine of the angle between a radar an- 
tenna and a reference line (vehicle heading, true north, 
etc.). If the source impedance is low and plate trigger- 
ing is used, RI] may be necessary to prevent shorting the 
the trigger to ground. 

To permit the clamping diode to operate, the control 
signal source must provide a d-c return to ground for 
diode V1. Note also that the maximum control voltage is 
lower (240 volts) for PC 57 (Fig. 26) than it is for 
PC 56 (Fig. 25) (280 volts) because a minimum plate 
voltage of about 60 volts is necessary for the cathode 
follower. These plate voltages are within the maximum 
ratings of the 5725 tube as defined by MIL-E-1B, para- 
graph 3.5.1. 

Trigger. The circuit can be triggered at either the 
plate or the suppressor of the phantastron. 

(a) Input 1. Triggering is accomplished by a negative 
trigger coupled to the phantastron plate through the diode 
V1. The trigger source does not load the phantastron be- 
cause it is disconnected by the diode as soon as the 
phantastron fires. The control signal line may require 
decoupling to prevent false triggering if the control volt- 
age is obtained from a remote source. 

The trigger must have an amplitude of 15 volts and 
a duration of 2 yusec for reliable operation. Higher volt- 
age triggers produce a spike at the beginning of the 
waveforms; excessively long triggers may distort the 
leading portion of the waveform and increase the mini- 
mum duration. 

(b) Input 2. The circuit may also be triggered by a 
positive trigger applied to the suppressor grid. The 
amplitude requirement here is 20 volts and triggering is 
more critical because the trailing edge of the trigger may 
tend to end the phantastron cycle prematurely. A dura- 
tion between 0.1 and 2 psec is required. This input is 
especially useful for direct coupling. A diode may be 
used to eliminate the effects of the negative-going por- 
tion of the trigger. 

Output. The outputs are approximately rectangular 
pulses whose amplitudes are constant but whose dura- 
tion is a function of the reference voltage. Output 1 from 
the screen is positive and about 60 volts in amplitude, 
and output 2 from the cathode is negative and 10 volts 
in amplitude. The rise time of either output is 0.1 to 
0.2 psec and the decay time about 0.1 per cent of the 
maximum duration. If the final output required is a 
trigger or marker pulse, the trailing edge of output 2 may 
be used as the series trigger for a blocking oscillator. 

Performance. While equation (1) can be used to de- 
termine the output duration approximately, a more care- 
ful analysis indicates that the gain of the feedback circuit 
also has an effect. (6) Tube aging will cause gradual 
changes in duration, and replacing either the 5725 or 
the 5814A tube may cause relatively large changes. Typ- 
ical changes in maximum duration with change in tubes 
are about 2 per cent for the 5725 and 0.3 per cent for the 
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Fig. 27—Linearity of two phantastron circuits compared. 


5814A. For highest accuracy the circuit should be cali- 
brated frequently. 

Figure 27 shows typical curves of error vs control 
signal for these circuits. These curves were obtained by 
plotting duration versus control voltage from 10 to 250 
volts. The error is the difference between this curve and 
a straight line drawn through the initial and final points 
on the curve. When expressed as a percentage of the 
maximum duration, the error is essentially independent 
of the values of C3 and R3. These curves represent the 
error introduced by the preferred circuit itself (due to 
non-linearity of the plate rundown, finite turn-on and 
turn-off times, etc.). Since the control circuit must sup- 
ply current to diode V1, the phantastron loads the control 
signal source. This usually introduces additional error 
which must be determined for the individual application. 
The control circuit does not load the phantastron because 
it is disconnected by the diode as soon as the phanta- 
stron fires. 

As indicated by the curves, the maximum error is in- 
creased when a cathode follower is used. The phantastron 
linearity is obtained by the feedback between grid and 
plate which tends to maintain a constant discharge cur- 
rent from the grid capacitor. The compensation is less 
complete using a cathode follower since its gain is less 
than unity. 

Determining the error by calibration at the end points 
of the duration vs control voltage curve as described 
above is convenient for presenting error curves, but 
results in an error which is always negative and larger 
than it need be. If the circuit can be calibrated to give 
equal positive and negative errors, the error can be re- 
duced 50 per cent. A simple way to do this approximately 
is to calibrate for zero error at 85 per cent of maximum 
control voltage, Fig. 28. Still further reduction is obtained 
by calibrating at the 10 and 85 per cent points. Lowering 
the range over which the control signal voltage varies 
also reduces the error. For example, reducing the maxi- 
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Fig. 28—Phantastron calibration for zero error. 


mum control voltage to 150 volts reduces the error to 
about 0.05 per cent for PC 56 and 0.1 per cent for PC 57. 

Jitter is negligible when the suppressor voltage is main- 
tained at least 2 volts positive with respect to the cathode 
during rundown. 

The control signal should be derived from the plate 
supply whenever possible to minimize the effects of 
changes in plate supply voltage. Under these conditions 
a 10 per cent change in supply voltage causes about 0.1 
per cent change of maximum duration. A 10 per cent 
change in filament voltage also causes a 0.1 per cent 
change in duration. These changes in duration are nearly 
constant over the range of the control voltage and are in 
the same direction. (7) If the plate supply and control 
voltage change independently, the duration will change 
proportionally. When the circuit was operated from an 
unregulated supply, the change in duration with change 
in line voltage was not constant over the control range 
but varied from 0.1 to 0.6 per cent of maximum duration 
as the control voltage increased from 20 to 250 volts. 
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Inductive pickoff is essential part of control 
system employed in marine gyro-compass, shown 
above in cutaway. Gyro is located within metal 
sphere at center. Pickoff feeds data on any 
change in sphere position to control circuits. 


Concluding a discussion of electrical 
signal pickoffs, this article covers the in- 
ductive and photoelectric types. These 
are two of the most important sources of 
input and feedback information for con- 


trol operations. 


DONALD A. DAVIES 

Engineering Section Head, Control Systems 
Guidance Systems Engineering Dept. 

Sperry Gyroscope Company, Great Neck, N. Y. 
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Signal Pickoffs 


IN THE FIRST PART of this article (ELECTRICAL MANU- 
FACTURING, February 1957), the term “electrical pickoff” 
was defined and five of the seven major types of this 
device were described. The discussion featured a review 
of the design and application factors ruling the use of 
the pickoffs, including resistance, electrolytic, capacitive 
and piezoelectric groups. Completing the picture now 
is a study of the widely used inductive and photoelectric 
types. 


INDUCTIVE PICKOFFS 


In an inductive pickoff, the mechanical input is con- 
verted to an electrical signal by changing the relation- 
ships in a magnetic field. Such changes affect the coil 
inductance, controlling in turn the impedance of the 
coil. The controlled inductance can be either the self- 
inductance of the coil or the mutual inductance with 
respect to another coil. 

The self-inductance of an air-core coil depends on 
its shape, size and number of turns, while that of an 
iron-core coil depends principally upon the number of 
turns and the reluctance in the magnetic circuit. Since 
the dependent factors of an air-core coil are not easily 
changed by a mechanical input, such coils are seldom 
used as pickoffs. The reluctance of an iron-core coil is 
easily changed, for example, by mechanically varying 
an air gap in the iron circuit. Hence, it finds wide ap- 
plication in pickoff design. 

Fundamental Relationships. The magnitude of the 
impedance of a coil (neglecting capacitance) is given 
by the expression: 


Z=V(QrfLY + FP (1) 
where 

Z = impedance, ohms 

f = frequency, cps 

L = inductance of coil, henrys 


R = d-c resistance of coil, ohms. 


In a coil having a high Q or quality factor, the magni- 
tude of the term 2 7 fL is very large compared to the 
term R. Hence, the impedance of the coil is practically 
determined by the inductance. The action of the variable 
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air gap pickoff can be shown by the expression below 
for the inductance of an iron-core coil. 
z, 3.19N2/(1;/pay) + (la/aa) 10° (2) 


ll 


where 
L = Inductance, henrys 
N = number of turns in coil 
l; = length of iron magnetic circuit 
I, = length of air gap 
a; = area of iron circuit 
a, = area of air gap 
uw = permeability of iron core. 

For high-permeability core materials almost all the 
reluctance of the magnetic circuit is in the air gap, 
thus making the term l|;/na; very small compared to 
l,/aq. Under ideal conditions the impedance of an iron- 
core coil varies inversely with the length of the air gap. 
This relationship holds, however, only where the length 
of the gap is small compared to its cross-sectional dimen- 
sions. For large gaps, the fringing flux becomes impor- 
tant, and a point is finally reached where further increase 
in gap length produces negligible decrease in impedance. 
The impedance of an iron-core coil may also be varied 
by changing the area of the air gap. By moving one 
part of the magnetic circuit relative to the other (in 
a direction perpendicular to the flux lines in the gap) 
so as to change the area of the air gap, somewhat larger 
motions may be accommodated than by varying the 
length of the air gap. 

The variable air gap pickoff may be constructed with 
a single coil whose impedance is a function of the re- 
luctance of the magnetic circuit. Two electrically isolated 
coils can also be used in the magnetic circuit. One 
energizes the structure and the second coil detects the 
change in air gap. In this case, the mutual induction 
between the two coils becomes a consideration. Varying 
the reluctance of the air gap by changing either gap 
length or area affects the flux linking the second coil, 
thus changing its electrical output. If the excitation on 
the first coil is maintained constant, the output of the 
second coil will be a measure of the changes in the 
dimensions of the air gap. 

A long solenoid will serve as a pickoff if the magnetic 
core is arranged to enter the coil by varying amounts 
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as determined by the mechanical input. Another form 
of device is the eddy-current pickoff, which has a non- 
magnetic metallic material so arranged with respect to 
the coil as to have current induced in it. By varying 
the coupling between the eddy-current ring and the coil 
in conformance with a mechanical input, the impedance 
of the coil may be changed. 

Certain ferromagnetic materials, notably 
some nickel-iron and cobalt-iron 


nickel and 
alloys, exhibit dif- 
ferent magnetic properties depending upon their state 
of stress. This condition is known as magnetostriction 
and can be made use of in pickoff design, since as noted 
in Eq. 2, the inductance of an iron-core coil may be 
altered by modifying the permeability of the core 
material. 

Operating Characteristics. In the case of the vari- 
able air gap pickoff, the mechanical motion to be de- 
tected is arranged to control either the length or area 
of the air gap in the pickoff core. In the case of the 
solenoid pickoff, the mechanical motion controls the 
position of a core slug within the solenoid bobbin. The 
eddy-current pickoff signal is controlled by mechanically 
positioning a non-magnetic metallic element, in which 
the eddy current loss occurs, with respect to the pickoff 
coil. The signal of a magnetostriction device is controlled 
by causing the mechanical input to stress the magnetic 
core of the pickoff. 

It is evident that the electric inductive pickoff lends 
itself to many variations. An almost endless array of 
designs is possible in order to measure translation or 
rotation of the mechanical member. A few of the more 
common arrangements of variable air gap pickoffs are 
shown in Fig. 12, which explains graphically the princi- 
ples of operation. 

Figure 13 shows an interesting and more complex 
pickoff capable of indicating the angular rotation of 
a spherical shell in two mutually perpendicular axes. 
It is similar to the device pictured in the headpiece. As 
shown in the sketch, a hollow iron shell with a hole in 
its bottom, is arranged so as to overlap the four wound 
pole pieces by varying amounts. The shell is permitted 
to rotate about axes X-X and Y-Y while the wound pole 
pieces remain fixed in position. Rotation of the spherical 
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(B) 


Fig. 12 


Sketches show a variety of (Cc) 
design principles for pickoffs based 
on the variable air-gap inductance 
principle. In each sketch, direc- 
tions of movement of the mechan- 
ical input member are indicated 
by arrows. Pickoff outputs may be 
measured by means of bridge cir- 
cuits, designed with careful atten- 
tion to all factors that may affect 
the inductance of the overall cir- 
cuit. 


shell in either gimbal axis covers and uncovers portions 
of the wound poles, thus changing the self-inductance 
of the coils. By interconnecting opposite coils in separate 
bridge circuits, the rotation of the sphere in each axis 
may be detected. 

Two types of solenoid pickoffs are depicted in Fig. 
14. The arrangement at (A) is representative of the 
self-inductive type, while that of (B) is representative 
of the mutual-inductive type. Figure 15 illustrates two 
examples of the eddy-current pickoff. In these units the 
alternating magnetic flux induces eddy currents to flow 
in the non-magnetic metallic member whose position 
is changed relative to the magnetic core. The arrange- 
ment of Fig. 15 (B) is similar in action to a transformer 
with a short-circuited secondary coil. 

The magnetostriction type of pickoff may be con- 
structed in many physical shapes so long as they permit 
the magnetic core to be stressed by the mechanical input. 

In general, variable air gap pickoffs are designed 
with short air gaps to reduce the excitation necessary 
to maintain a given induction in the core and to improve 
linearity by reducing fringing flux. The inductance of 
an iron-core coil will change in a linear manner with 
changes in air gap only when the permeability of the 
core is constant (Eq. 2). Linearity errors due to varia- 
tions in permeability of the iron core may be made 
practically negligible by using a core material which 
has an extremely high permeability with respect to the 
air gap. Long solenoid pickoffs are equally affected by 
changes in permeability of the core material and changes 
in leakage-flux paths about the coil. By using a core 
whose cross-sectional area varies along its length, line- 
arity may be improved and, if desired, function outputs 
may be generated. 

The sensitivity of inductive pickoffs can be made 
high if large reaction forces are tolerable. The attractive 
force in joules per inch of a single magnetic gap. with 
the pole faces approaching each other may be expressed 
in terms of the circuit parameters as follows: 


Force = (1/2)F%(dP/dS) (3) 
= (1/2) (¢°/P*)(dP /dS) 
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Fig. 13—Schematic drawing of pickoff 
arrangement in which shell of unit serves 
as the housing for a direction-sensing 
device such as a gyro. 


where 


F = magnetomotive force in air gap. amp-turns 
dP/dS = rate of change of total air gap pc rmeance, 
webers /amp-turn /in. 
@ = tlux in air gap, webers 


P = permeance of air gap, webers/amp-turn. 


The flux is inversely proportional to the air gap and, 
since the force is proportional to the square of the 
flux, the relationship between air gap and force is 
approximately an inverse square law. Balanced-gap in- 
ductance pickoffs are well suited for use with electronic 
amplifiers. Hence, it is usually possible to minimize 
the reaction forces by reducing the excitation to the 
pickoff. The relatively low sensitivities developed with 
such operation are generally not a great hardship. 

The symmetrical design of multigap pickoffs permit 
the output coils to be connected in bridge-type networks. 
In order to obtain low null signals when the gaps are 
equal, it is necessary that the bridge be balanced both 
as to reactive and resistive components. The reactive 
component varies as a function of the inductance while 
the resistive component is unaffected. Pickoffs con- 
Figs. 12(C) and 12(D) are 
arranged and interconnected so that the pickoff coils 
form the four legs of an impedance bridge and the 
coil resistance and inductance values can be balanced. 
Another advantage of the bridge-type network is that 
all of the coils and magnetic circuits are subjected to 
the same ambient temperature, therefore changes in 
coil and iron characteristics are symmetrical. 

Rotary Inductive Pickoff. The pickoff illustrated 
in Fig. 16 has found wide application in servo work 
where a_ relatively small angular rotation is to be 
measured. The mechanical input causes the dumb-bell 
shaped armature to rotate through a small angle, thus 
changing the permeance of the four air gaps. The stator 
is arranged to carry two windings on each of the four 
pole pieces. The windings are interconnected as illustrated 
and make up a primary or excitation circuit and a 
secondary or signal circuit. The secondary windings 
are interconnected so that the voltage generated in each 
of two pairs of coils are in opposition. 


structed as shown in 
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With a capacitive secondary load objectionable reson- 
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sig. 14—Inductive pickoffs shown above use principle of simple 
solenoid. Any movement of core slug due to some external 
mechanical force is reflected as a change in the electrical signal. 


Non -magnetic 
metallic tube 





Fig. 15 (right)—Two types of eddy-current pickoff. In these 
units, the alternating magnetic flux induces eddy currents in 
the non-magnetic metallic member. Magnitude of these currents 
is proportional to the position of the nonmagnetic member. 


(B) 


When current flows in the primary coils and the 
armature is positioned as illustrated, equal flux threads 
each of the secondaries provided the permeance of the 
four gaps is the same. Equal voltages are induced in 
each secondary coil and, because of the secondary in- 
terconnections, no signal appears across the output lead 
wires. If a small clockwise rotation is imparted to the 
armature, the flux in poles 2 and 4 increases while that 
in poles 7] and 3 decreases because of the relative changes 
in permeance of the air gaps. The flux threading the 
secondary coils wound on poles 2 and 4 increases, thus 
increasing the voltage generated in them. The converse 
is true of the secondaries on poles ] and 3. The differ- 
ence voltage between coils 2-4 and 1-3 appears as a 
signal at the output wires. 

A signal would similarly be produced had a counter- 
clockwise rotation been imparted to the armature. How- 
ever, the phase of the signal would be reversed. The 
relation between angle of armature rotation and electrical 
signal output may be made extremely linear over an 
appreciable angular range in a pickoff of this type. The 
major causes of non-linear response are fringing flux, 
leakage flux, secondary electrical loading and concen- vw ; : ene " 
tricity errors in mounting the stator and armature. CN ee tele tee es 


torque depends upon the magnetomotive force per pole, 
the rate of change of permeance in the gap, and any 
side effect contributing to either of these quantities. 
The magnetomotive force, being a resultant of primary 
and secondary ampere-turns, is affected by the load on 
the secondary or pickoff output. It is assumed that the 
primary current is maintained constant, which is usually 
the case. The rate of change of permeance is a function 
of mechanical input and the shape of the pole pieces. 
In the case of an actual pickoff with cylindrical gaps, 
fringing flux is always present and a permeance term 
involving it must be added. With no secondary current 
and neglecting fringing, reaction torque is zero. There- 





fore, any reaction torque present when no secondary 
current flows is due primarily to fringing. For the case 
of fringing flux and secondary current flowing, the 
reaction torque expression becomes: 


: [F.2 dP(fringe)s/dé [Fe dP(fringe),/dé} (6) 
The reaction torque (joules per radian) per pole in N primary turns 
a rotary air gap is expressed by: N. = secondary turns 
an . : i; = primary current, amp 
Torque = (1/2)F*%(dP/dé) | , Ss a 
| ( ( 2 S, econdary voltage sensitivity. volts/rad 
where 6 armature rotation, rad 
F = magnetomotive force in air gap, amp-turns R+ jz = secondary load impedance. ohms 
dP/d@ = rate of change of permeance of air gap due to las : , 
rotation. webers /amp-turn /rad, This equation may be considered the sum of (a) the 
iy 7 ‘ : reaction torque with secondary current flow but without 
The magnetomotive force is the resultant of the primary a : alae 
3 < fringing, and (b) the reaction torque with fringing 
resultant magnetomotive force due to primary and ae . eres 
Pe ees but without secondary current. Both of these factors 
secondary ampere-turns. The secondary windings are 5 : 
: ; : are negative about the zero point which provides a re- 
so arranged that their flux patterns add in poles ] and 3 niet , ; 
2 > action torque imparting stable restraint. By making 
and subtract in poles 2 and 4 whenever a component : ' SK 
ie : , one of the restraints unstable, a nearly flat reaction 
of secondary current is in phase with primary current. ; ; fee 
ee 4 ; ; ; torque about zero might be attained. Two methods may 
Total reaction torque is obtained from: 


be pursued to attain this end. The designer may use 
Torque = F,°(dP,/d@) + F2(dP2/dé) (5) 


a capacitive load on the secondary output, or reverse 
From the foregoing. it is evident that the reaction 


the algebraic sign of the ideal permeance factor. 
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Fig. 16—Servo pickoff with windings ar- 
ranged to form separate excitation and signal 
circuits. This type of unit is widely used 
where a relatively small angle of rotation 
is to be measured. 


Light shutter 





U (C) Dual 
photocell 





Polaroid lenses 


Fig. 17—Sketches of typical photoelectric pickoff arrangements 
are indicative of diverse uses to which cells may be put. (A)— 
On-off scheme for blocking light. (B)—Proportional control 
of light by movement of density wedge. (C)—Dual photocell 
responds to movement of barrier past two positions. (D)— 
Relative position of one polarized lens with respect to the 
other regulates the amount of light incident on photocell. 
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With a capacitive secondary load objectionable reson- 
ant effects may be encountered. The sign of the ideal 
permeance may be changed by shaping the air gaps under 
each pole so as to change the gap dimension to vary the 
permeance in the proper direction with armature angle. 
When the armature surfaces are contoured so that they 
are no longer concentric with the axis of the stator pole 
faces, the reaction torque for no secondary current and 
no fringing, may become an unstable restraint. 

It must be realized that the various reaction torque 
terms are altered by changing either the value of sec- 
ondary load or the excitation frequency. Hence, the net 
reaction torque with a contoured rotor may be optimized 
for one condition of load and frequency. If either of 
these values is changed, a change in reaction torque 
characteristics will result. It may also be expected that 
mounting an armature in bearings not concentric with 
the stator pole faces will cause the reaction torque 
characteristic to change. 

The foregoing discussion relating to the pickoff 
sketched in Fig. 16 is applicable to the design of many 
other inductance pickoff styles and the same approach 
can be made. 

The inductive pickoff is inherently a rugged, stable 
unit having practically infinite resolution properties. The 
usual reasons for failure of such a pickoff to meet these 
requirements are found in the mechanical construction 
or mounting of the unit and in the associated output 
circuits. Carefully designed inductance pickoffs are often 
used in the most sensitive mechanical gaging instruments 
where dimensions of mechanical parts may be accurately 
measured within a few microinches. 

Synchro Transmitters. The familiar synchro trans- 
mitter may be viewed as a pickoff of the inductive type. In 
the usual installation, a synchro transmitter causes an 
electrical signal to be generated which has a definite 
relationship to the angle through which the transmitter 
rotor has turned. This signal may be utilized to cause 
synchronous rotation of a similar receiver device or may 
be used in connection with synchro control transformers. 
This vast subject has been adequately covered in many 
texts and will not be discussed here. 


PHOTOELECTRIC PICKOFFS 


In the pickoffs so far examined, the mechanical input 
directly affects the transmitting element by controlling 
either its resistance, inductance or capacitance. In 
contrast, a photocell makes use of a light beam to convert 
a mechanical input into an electrical output. 

By utilizing optical components in various combina- 
tions with a light source, a beam of light may be produced 
which varies in position, intensity or color as a function 
of the mechanical input. If this beam of light is incident 
upon a photocell, the electrical output of the cells is de- 
pendent on the mechanical input. 

Types of Photocells. Photocells may be divided into 
photoemissive, photovoltaic, photoconductive or photo- 
transistor classifications according to the principle by 
which the radiant energy is converted to an electrical 
signal. Certain substances, notably selenium, rubidium 
and cesium, exhibit the property of emitting electrons 
when exposed to radiant energy of certain wavelengths. 
When a plate covered with one or more of these sub- 
stances is placed within a glass envelope with a plain 
wire electrode and a potential difference maintained be- 
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tween the plate and wire, the electrons emitted by the 
plate due to incident radiant energy will be collected by 
the wire electrode. 

Instead of being collected on the anode directly, the 
photoelectrons from the cathode may be directed in turn 
to a series of target electrodes or dynodes, each at an 
increased potential. In striking each of the dynodes, the 
incident photoelectrons eject from each dynode secondary 
electrons, thus greatly increasing the total number of 
electrons which finally reach the anode. A multi-element 
photoemissive tube of this type is called a photomulti- 
plier. 

The photovoltaic cell has the property of generating 
an electric current when radiant energy is incident upon 
it. No external source of power is required to convert 
the radiant energy into an electric current. In appearance, 
the voltaic cell looks much like a single plate of a selen- 
ium rectifier. 

Photoconductive cells have the property of changing 
their resistance as a function of the radiant energy 
incident upon them. In an electric circuit, the conductive 
cell resembles the variable-resistance pickoff in character. 
Photoconductive cells are usually enveloped to prevent 
changes in their characteristics. 

Phototransistors are the newest of the photocells and 
are made on the transistor principle. The flow of electric 
current through the transistor may be made a function of 
the light flux incident upon the unit. 

Practically the only limitation to the number of possi- 
ble arrangements for converting a mechanical motion 
to an electrical signal by means of photocells is the in- 
genuity of the designer. It is necessary to mount on 
the mechanical member some optical component to con- 
trol the position or intensity of a light beam relative to 
the position and configuration of the photocell. Some 
of these arrangements are shown in Fig. 17. 

Photocell Characteristics. The linearity of vacuum 
photoemissive cells is extremely good when the voltage 
applied between the anode and the cathode is high 
enough to draw all of the electrons emitted from the 
cathode to the anode. Under this condition the output of 
the cell is unaffected by small variations in the applied 
voltage. By filling the envelope with gas, the sensitivity of 
the cell may be increased but the linearity becomes very 
poor and the sensitivity to fluctuations in the applied vol- 
tage increases. If a vacuum cell is operated at a high vol- 
tage, the linearity may decrease because of secondary 
emission from the residual gas. 

The sensitivity of photoemissive cells varies with the 
wavelength of the incident light and may be obtained 
with peak sensitivities ranging from 3000 to 7500 ang- 
stroms. The luminous sensitivity of vacuum cells averages 
about 25 microamp per lumen; gas-filled cells yield about 
150 microamp per lumen; and vacuum photomultiplier 
cells may have sensitivities in the order of 5 amp per lu- 
men. Photomultiplier tubes are capable of detecting ener- 
gy of the order of 3 & 10% lumen of luminous flux and 
1.5 & 10% watts of ultraviolet flux. The dark current of 
gas photocells is generally about 20 times higher than 
that of a good vacuum cell. Temperature has a rather 
large effect on the noise output of an emissive cell and 
improved operation is possible by maintaining the cell 
at sub-zero temperatures. 

Photoemissive cells are generally used with load cir- 
cuits of high resistance and are therefore rather difficult 
to handle. The mechanical design should minimize leak- 
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age paths in the electrical circuits and provide adequate 
shielding. The emission of electrons from the cathode is 
practically instantaneous with the incidence of radiant 
flux. Hence, the frequency response of the cell is ex- 
cellent and flat to frequencies exceeding 10,000 cps. 

The output of photovoltaic cells is linear with illumi- 
nation only when the voltage drop across the cell is 
constant. The equivalent circuit of a photovoltaic cell 
is shown in Fig. 18. The cell operates as a current gen- 
erator having a capacitance and a resistance in parallel 
with the load and a resistance in series with it. The mag- 
nitude of cell series resistance R, is about 50 ohms in 
most cells, while the magnitude of internal shunt re- 
sistance R; varies withthe illumination incident on the 
cell. The value of R; ranges between 20,000 ohms per 
sq in. of cell area at low illumination to 1000 ohms per 
sq. in. at high illumination levels. For load resistance of 
a few ohms, the load current is linearly related to illumi- 
nation. But for higher load resistance, it is a decidedly 
non-linear function. 
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Fig. 18—Equivalent circuit of photovoltaic cell. Internal 
shunt resistance of cell varies inversely with amount of in- 
cident light. 


A circuit by which the current in a high resistance 
load may be made to vary linearly with illumination is 
illustrated in Fig. 19. Since the circuit, in effect, main- 
tains a constant voltage drop across the voltaic cell, 
the current in the load resistance is not affected by the 
change in internal shunt resistance of the cell. Load re- 
sistance of as high as 100 kilohms may be used with 
the same current and linearity as that attained with a 
load resistance of a few ohms across an uncompensated 
cell. Since the internal resistance changes with ambient 
temperature, the circuits automatically compensate for 
temperature effects on the cell output. 

The sensitivity of voltaic cells is about 3 microamp 
per foot-candle per sq in. of active area for low load 
resistances or when compensation circuits are used, The 
spectral sensitivity is between 2450 and 7200 angstroms 
with the peak at about 5700. 

The frequency response of voltaic cells is limited 
by the current shunted by the internal capacitance of 
the cell itself. At illumination frequencies up to about 
1500 cps, the output of small cells is practically the 
same as for steady illumination but for illumination 
fluctuating at 10,000 cps, the cell output is reduced to 
about 15 per cent of that for steady illumination. 

The life of voltaic cells is practically indefinite when 
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operated under normal conditions and within their rat- 
ings. The construction of the cells is very simple and 
provides a rugged unit. The cells must not be exposed 
to temperature exceeding 160 F or permanent damage 
may result. 

Photoconductive Cells. Radiant flux falling on the 
active surface of a photoconductive cell decreases its re- 
sistance to the passage of an electric current. The usual 
areas of conductive cells are very small, ranging from 
4 in. square. For cells of this size the change 
in internal resistance is linear with increasing illumina- 
tion up to about 0.001 lumen. The cell resistance char- 
acteristics are affected to a large extent by changes in 
ambient temperature. The greatest spectral sensitivity of 
conductive cells falls in the infra-red portion of the spec- 
trum from about 10,000 to 50,000 angstroms. 
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MISCELLANEOUS PICKOFFS 


There are a number of pickoffs which do not fall di- 
rectly into any one of the general classifications discussed. 
\ few of these units will be described and some of their 
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Fig. 19—Circuit for maintaining a linear re- 
lationship between incident light and the 
current in a high-resistance load. The triode 
regulates the voltage drop across the photo- 
cell at a constant value. 


Fig. 20 


90 deg apart in a vertical plane for measuring 


Arrangement of two convectron tubes set 


mechanical rotation. Rate of cooling of heated 
filament within convectron is dependent on the 
movement of gas within the tube. Since the cool- 
ing effect becomes greater as the tube approaches 
the vertical, the hot resistance of the wire filament 
is indicative of its position. 
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operating characteristics given. Electron tubes are avail- 
able which can measure mechanical displacements by 
means ot a change in the separation of the electrodes 
within the tube. A triode (type 5734) is made so that 
the anode, attached to a stiff rod which passes through 
a flexible diaphragm sealed across the end of the enve- 
lope, may be positioned with respect to the other fixed 
electrodes in the tube. This alters the plate resistance 
of the tube as a function of the mechanical motion im- 
parted to the anode rod. 

The convectron is a form of resistance pickoff which 
senses a mechanical input by varying the rate of heat 
loss in a wire filament. The filament is located in a 
gas-filled glass envelope with metal caps at each end to 
permit a heating current to be carried in the filament. 
Filament heat is lost by metal conduction, gas conduc- 
tion, radiation and gas convection. The greatest heat loss 
is by gas convection. The gas heated by the filament 
rises and passes the filament at a rate depending upon 
the angle the filament is placed from the vertical. This 
affects the rate of heat transfer, which in turn affects the 
resistance of the filament, thus making resistance a func- 
tion of the angular position of the filament. 

By using two convectron tubes set 90 deg apart, a 
mechanical rotation which tilts the two tubes may be 
detected in a bridge circuit as sketched in Fig. 20. 
Angular acceleration imparted to the convectron tube will 
affect the convection gas flow angle, thus imparting an 
error to the output signal. 

By constructing a cathode ray tube in the form shown 
in Fig. 21, the electron beam may be deflected by an ex- 
ternal field or a permanent magnet. A device of this type 
is called a cathode ray switch. Instead of a fluorescent 
screen, a number of electrodes or targets are located in 
the end of the tube. In the sketch, the mechanical input 
positions the deflecting magnet, causing the electron 
beam to be incident upon one of the two target plates 
shown. The amount of current carried by the electron 
beam varies with the area of the beam intercepted by the 
target, providing a continuous variation in beam current 
with beam position. O00 
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Cathode-ray switch has electron beam which 


Fig. 2] 
is deflected by external permanent magnet. Amount 
of deflection determines which target is hit by beam 
and also how much of total electron flow is incident 
on either plate. 
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Fig. 1—Test bundle (right) 
employed for printed circuit dip- 
soldered joint evaluation. 


Evaluation of Dip-Soldered Joints 


Test program results reveal factors in- 
fluencing dip-soldered joint characteris- 
tics. What can be expected in production 
is described together with recommended 
design modifications and production tech- 


niques to achieve greater tensile strength: 


AN INVESTIGATION OF dip-soldered joint characteristics 
was undertaken to determine what results could be ex- 
pected in production. Four fields of information were 
covered: 


lL. Efficiency of joint formation 
2. Short-time tensile strength 
3. Impact strength in tension 
4. Creep strength in tension 


The dip-soldered joints used for evaluation were made 
in the form of bundles using obsolete production photo- 
etched boards. Through-wires generally were substituted 
for components, Fig. 1. Since through-wires do not offer 
a heat barrier to the conduction of heat away from the 
point of soldering as components do, it is believed that 
the results of the investigation tend to be conservative 
with respect to normal production results. 

All the dip-soldered joints were tested at 70 F, except 
one type which is discussed later, and were made using a 
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Fig. 2—Details of dip-soldered joint test. 





Table I—Average Strength of Standard Dip-Soldered Joints 
for 0.010 in. Diametral Clearance, Copper Wires 

















Short-time : — 
tensile etrongth® Impact in tension 
Per cent _ Impact index Per cent Average 
Wire | Strength | joint a oe) joint | impact 
AWG Ib | failures** | = Joint’ =| Ss Lead failures** index*** 
16 | 29.8 | 100 | 0.5- 4.0 100 2.1 
Pt, 18 | 186 | 100 | 0,5-5.0 100 0«=6| 0 2.4 
20 | #+%17.2 =| 100 | 0.5-4.5 | 6.5-8.0 | 72 3.5 
22 ™ «Tl 100 | 0.5-3.5 | 3.0-5.0 66 2.3 
24 6.1 92 | 0.53.5 1.5-3.5 | 61 2.3 
26 «(46 58 | (0.5-1.0 | 0.5-1.0 1 86| 0.9 
28 OC 2.5 13 | | | 
| 
Leod foilure *Average number of samples tested: Short-time tensile strength 26; impact in tension 100. 


**This figure represents that portion of the total dip-soldered joints tested which failed in the joint. 
The remaining failures occurred in the lead. 


Fig. 3—Lead and joint ***This figure represents a statistical average of both joint and lead failures. 
failures defined. 


5-sec dip in a 60-40 tin-lead solder at a temperature of 
550 F. Activated rosin flux was used throughout. 

All strength tests were made using single joints from 
the test bundles. To minimize variables, all test samples 













5 sec. dip, GO tin-40 lead solder at 550F 










e 4) wire sizes -16 AWG through 28 AWG tinned consisted of a series of dip-soldered joints and 1-in. leads 
= 12 onneoled copper with steel washers attached, as shown in Fig. 2 

< Hole sizes -0.015, A080, A051, C042, A032 in. Failures fell into two classes: those which occurred in 
° Leads extended oat least //2 in. into solder : “i : . ° 

- y | the dip-soldered joint, and those in which the lead failed, 
€°8 CT aol Ld on YT Fig. 3. Since this program was aimed at determining the 
sé L y overall strength to be achieved in production it was as- 
= 4 {i ee oe ae my, | | sumed that a lead failure indicates that in that case the 
re | | | | | ea 2B joint was stronger than the lead. Therefore, with the ex- 
@ 2-4 —— ception of impact test results, lead failures and joint fail- 

0 ae LLL ures are averaged. 


0 2 4 6 8 W 2 4 16 18 20 22 24 2 ; ? ‘ 
Diometral clearance ,1000 ths of an inch Efficiency of Joint Formation 

In evaluating the efficiency of dip-soldered joint forma- 
tion, defective joints are considered to consist of two 
types: “misses,” which consist of those joints in which 
there is no solder continuity between the lead and the 
photo-etched pattern, and “partials.” in which the solder 
fillet is incomplete. Percentages of both types of failures 
are charted in Fig. 4 which illustrates that up to 0.010-in. 


Fig. 4—Efficiency of joint formation of photo-etched dip-soldered 
joints with respect to diametral clearance. 




















9 aneereerpeecnigetinngeiiengenesingnngemiagiinn — — diametral clearance, efficiencies of 98 to 99.2 per cent 
id coded iceiepehinalh od wire size tine |_}_}_{_j}_i_ can be expected. Diametral clearances over 0.010 in. re- 
women file SIZE Ne ' | | ° . ° ° — r — 
26+ 1 1 | | 5 sec. dip, 60tin-40 leod solder ot 550F sult in a substantial reduction in efficiency. The efficiency 
24 joy | ire sizes IB AWG through 28 AWG tinned | band is the result of visual inspection of an average of 
ase |annealed copper | 5 in-s -red joints > eac iz -al clearanc 
22|-f No./8 (0040) Hole sizes -0.015,0020,003/,0042, ~— 650 dip-solde red joints for each diametral clearance. A 
Par ee | |_| 0.052 in J more detailed analysis of the test data shows that for a 
= Data includes both joint and wire A : , : 
£ igh |foilure values na given diametral clearance, smaller wires tend to be more 
tT sh dai tienda’ lin Soe aie oe Sree ‘ ‘ 
© 16+ | ee ee ee ee ee efficient in joint formation. Production records show that 
8 : = ‘ 
ann ae [25 | Pe ts misses make up between 15 and 20 per cent of all defec- 
: lca anced | NO eal | | | tive joints. These records further show that of 50,000 
wat OO 32) Fr pees a oe ; 
2 welt No 2210.025) a ot | | | tl joints observed, 0.25 per cent were misses and 1.19 per 
| | | | ve > tale > Al 5 a7 
af “hoo! oa 0 042 hole lsp052hole_| cent were partials, The balance of the joints, 98.56 per 
od | *. cent, were satisfactory. 
oF - a — . . z . . 
4 e283 Poor joints may be formed when dirt or oxides are 
i awe | | a present on the surface of the leads. The oxides are thought 
2) effet +——_}—__— — a a rr A . a 
ote I | | | ce to be the result of porous plating which allows either cop- 
etl ll i eee + doom 


0 2 4 6 8B 10 12 4 16 IB 20 22 24 26 28 30 32 34 36 38 ~«swer: oxides or sulfides to migrate through to the surface 
Diametral clearance, \OOO ths of an inch and prevent acceptable fillet formation. Several methods 


lig. 5—Charted results of short-time tensile tests of photo-etched of cleaning assembled components, leads, and boards, 
dip-soldered joints. immediately prior to fluxing are now being considered as 
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ie eS joints also was investigated. Since the streneth of a dip- 





a means of further increasing joint formation efficiency. 


Short-Time Tensile Strength 


Tests were made on a Baldwin Southwark Universal 
testing machine with a Tate-Emery air cell to reduce 
the normal 24,000-lb capacity to a range of 0-240 lb. 
The speed of the movable head was 1 in. per min. 

The results of short-time tensile tests are shown in 
Fig. 5 and Table I, and for comparison the strength of 
bare copper wire is given in Table II. In general, there is 
a tendency for joint strength to be mainly a function of 
wire size and to be relatively independent of diametral 
clearance. Smaller wires appear to have more consistent 
strength with relation to diametral clearance because, be- 
ginning with No. 22 AWG, lead failures make up an in- 
creasing part of total failures. 


Impact Strength in Tension 


Evaluating dip-soldered joints for impact strength in 
tension called for the development of a special testing 
machine, illustrated in Figs. 6 and 7. It is similar to stand- 
ard impact machines in that it measures the energy re- 
quired to cause fracture. In making a measurement, the 
pendulum is dropped from a specific angle and the follow- 
through energy is considered to be the energy required to 
cause fracture. 

As part of the calibration process, a stress-strain dia- 
gram was plotted for No. 20 copper wire and the theo- 
retical energy required for fracture was calculated. Impact 
tests of this same wire gave results which checked so 
closely that the impact index is considered a true energy 
value. 

Analysis of the average and range of values of impact 
strength in tension of approximately 100 samples for each 
wire size indicates that impact strength is independent of 
diametral clearance. Therefore, the results also shown in 
Table I and in Fig. 8 are presented as a function of wire 
size only. The resulting impact index is directly propor- 
tional to wire diameter. It is concluded that inconsisten- 
cies in the averages are due to wire annealing, elasticity, 
and other test sample variables which cannot be com- 
pletely controlled but would be encountered in regular 
production. 


Creep Strength in Tension 


The creep strength of solder is often considered its’ 
poorest characteristic, as a joint may fail under a rela- 
tively small continuous load. To evaluate creep strength, 
samples were tested by suspending fixed weights on dip 
soldered joint samples, as shown in Fig. 9, and measuring 
the time to failure. The strength results were found to be 
directly related to the fillet heights of individual joints. 
Figure 10 shows the relationship of the applied load and 
time required for failure to be a logarithmic function. 
Samples loaded with small weights are still undergoing 
tests because of the length of time required for failure. 

The significance of creep strength would be more evi- 
dent in cases where the relief of internal stress might 
cause fracture. This condition can be largely eliminated 
in design by providing rigid mountings or numerous com- 
ponents between the photo-etched boards. 


Dip-Soldered Joint Strengthening 


In addition to measuring the strength of standard dip- 
soldered joints, the possibility of strengthening these 
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Fig. 7 — How impact 
from anvil is transmit- 
ted to washers and test 
leads. 


Fig. 6—Impact strength testing machine 
devised for evaluating dip-soldered joints. 
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Fig. 8—Impact strength in tension of photo-etched dip-soldered 


joints plotted against wire size. 


Table li—Strength of Bare Copper Wire 








AWG No. Short-time tensile strength, Ib | Impact index 
20 28.4 7.7 
22 16.1 3.9 
24 9.4 2.8 
26 4.9 0.9 
28 3.25 


159 












Fig. 9—Test setup to evaluate creep strength. 
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Fig. 10—Creep strength in tension of photo-etched dip-soldered 
joints. 
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11—Relation of dip-soldered joint fillet height to short- 


joints also was investigated. Since the strength of a dip- 
soldered joint is essentially the shear strength of the 
solder in the fillet, Fig. 2, the method for increasing 
strength appeared to be to increase the fillet height. Fig- 
ure 1] shows the straight line relation of dip-soldered 
joint fillet height to short-time tensile strength obtained 
by tests. 

Photo-etched conductor pattern design is also a factor 
in the formation of large symmetrical, dip-soldered joint 
fillets. No effort has been made to take pattern design into 
consideration in evaluating methods of joint strengthen- 
ing. Many methods of joint strengthening have been tried, 
segregated as follows: 

1. Notching, crimping, bending, flattening, flaring. or 
otherwise altering that portion of the wire which is in- 
cluded in the solder fillet, Fig. 12. 

2. Using eyelets or plated-through holes, Fig. 13. 

3. Using another material on the back of the board 
around the leads, Fig. 14 a. 

4. Controlling the length of lead which is dipped into 
the solder, Fig. 14 b. 

5. Using 95 per cent tin/5 per cent antimony solder. 

Flaring of a portion of the lead which is included in 
the solder fillet (Fig. 12) is the only method which shows 
a significant strength increase (43 per cent). Flaring is 
accomplished with a tool which cuts and flattens the wire 
so its greater dimension exceeds the hole diameter in the 
board. In this way, not only the shear strength of the 
solder but also the interference of the flattened portion of 
the wire with the photo-etched board contributes to the 
overall joint strength. This method is effective only for 
leads which can be cut off prior to dipping. 

The eyelet joints tested used individual brass eyelets 
staked into holes in the board. In using unplated or thinly 
plated brass eyelets, it is likely that solder pot contamina- 
tion with zinc will result. Tests of joints in which the in- 
side surface of the hole was covered with plating (plated- 
through holes) showed that failure often occurs in separa- 
tion of the plating from the hole surface. It was further 
noted that in plated-through joints, there was a significant 
tendency for voids to form in the solder filling the hole. 
The strength of both eyeletted and plated-through joints 
is greater than that of No. 20 wire. (See Table II.) Since 
the components in general use have No. 21 or smaller 
leads, it is felt that there are other adequate methods of 
joint strengthening that do not involve the extra expense 
for eyelet assembly or plating through holes. 

It is possible by applying shellac or epoxy resins around 
the leads on the back of the photo-etched board after dip 
soldering to increase the overall dip-soldered joint 
strength. Since epoxy resins are insoluble after curing. 
repair is not practical. Shellac, however, is easily soluble 
in alcohol, and units on which it is used are repairable. 
Although epoxy resin joints are stronger than shellac 
joints, the shellac is sufficiently stronger (18 per cent) 
than standard joints to make it worthy of consideration 
as a means for joint strengthening. Since there are other 
methods which can be used for joint strengthening with- 
out the necessity of an additional operation, it is felt that 
they should be considered first. 

In the course of dipping experimental bundles, it was 
observed that when the leads dipped into the solder were 
short, the solder fillets appeared to be larger. Specific 
tests brought out the fact that when the leads are 14-in. 
long, the increase in solder fillet height is greatest. This is 
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Fig. 12—Five methods of strengthening dip-soldered 
Bend joints by modifications to the wire. 
—_ ABOVE 
Fig. 13—Method of strengthening using eyelets or 
plated-through holes. 
RIGHT 
Fig. 14—(a) Method of strengthening joints using 
another material on the back of the board and (b) 
Flatten by controlling the length of lead which is dipped 1/8 in. before 
Flare into the solder. dipping 7 


probably due to the fact that the whole lead is removed 
from the solder pot before all of the excess solder can run 
off; the remaining solder then becomes part of the solder 
fillet. Comparison with standard dip-soldered joint fillet 
heights show that 44-in. leads result in a 36 per cent fillet 
height increase and a 35 per cent short time tensile strength 
increase over corresponding average values for standard 
joints. This method of joint strengthening is applicable 
only to leads not used for connections to adjacent units. 
On the recommendation of personnel from the Tin Re- 
search Institute, a solder consisting of 95 per cent tin—5 
per cent antimony was tried for this application, since the 
available test information indicated that this solder had 
considerably more strength in all categories than does 
the 60-40 tin-lead solder. Initial experiments showed ac- 
ceptable results when used on photo-etched boards with 
0.060 in. or more between conductors. Close conductor 
spacing, 0.020 to 0.040 in., allowed a slight amount of 


bridging between the patterns. Further investigation re- 
vealed that the lead in the 60-40 solder previously plated 
on the conductors apparently contaminated the tin- 
antimony solder and was responsible for the bridging. 
Bare copper conductors dipped in 95-5 solder gave re- 
sults which surpassed those of 60-40 solder. 

The tin-antimony constitution diagram is shown in 
Fig. 15. There is no sharp eutectic point. Along the 5 per 
cent antimony line, there is an 18 F (10 C) plastic 
range through which the solder must pass before com- 
plete solidification takes place. The liquidus point is ap- 
proximately 460 F which is 100 F above that of 60-40 
solder. Dipping at 550 F gives satisfactory results. Joint 
efficiency has been measured only in laboratory experi- 
ments; however, it does appear to be much superior to 
that of 60-40 solder. Of 754 joints dipped in 95-5 solder. 
there was only one imperfect joint formed, or 0.133 per 
cent defective as compared to the average of approxi- 


Table tll—Relative Strengths of Soldered Joints Strengthened by Modification of the Wire (No. 20- 
AWG) or Plated Circuit Board 


Short-time tensile strength 


Fig. | Strength 
Description No. | ib 
Flared lead, 0.042 hole 12 24.7 | 
Brass eyelet, 0.048 hole 13 30.5 
Plated-through hole, 0.062 hole 13 26.9 
Epoxy resin on back of board, 0.042 hole 14 25.6 
Shellac on back of board, 0.042 hole 14 20.4 
Leads !-in. long before dipping, 0.042 hole 14 23.3 
95-5 solder, 0.042 hole 12 22.4 
(Std.) 
95-5 solder, leads !<-in. long before dipp- 
ing, 0.042 hole 14 24.4 


impact in tension strength 


Per Increase Per | Increase 
cent over cent over 
joint | Sample | standard | Impact joint | Sample | standard 
| failure* | size joint, % | index —§ failure*| size joint, ©; 
| 
56 48 44 
0 | 45 112 
38** | 24 124 6.7 See ae 91 
82 17 49 6.7 sae 91 
100 19 19 7.5 7 15 114 
55 18 36 5.0 56 25 OC 43 
95 44 30 6.9 20 76 | 97 
| 
85 46 42 6.9 10 47 | 97 





*This figure represents that portion of the total dip-soldered joints tested which failed in the joint. The remaining failures occurred in the lead 
**In these samples, joint failure consisted of the solder-filled plating in the hole separating from the phenolic board 
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Fig. 15—Tin-antimony constitution diagram. Reproduced from 
“Equilibrium, Data for Tin Alloys,” Tin Research Institute, 1949. 


mately 1 per cent defective with 60-40 solder and a 
similar lead size. Tin-antimony solder forms fillets which 
average 25 per cent greater in height. Likewise it builds 
up on metallic fixtures faster than 60-40 solder. Measure- 
ments show that 95-5 solder joints are 30 per cent 
stronger in tension, 63 per cent stronger in impact, and 
750-950 times as strong as 60-40 solder joints in creep. 
These results completely verify the predictions made for 
this material. 

Solder of 95-5 composition also was tested for increased 
fillet height and joint strength with a lead length of 
1g in. prior to dip soldering. The increases were not as 
great as with 60-40 solder. Since 95-5 solder joints 
dipped with leads 14-in. long have fillet height and short- 
time tensile strength only slightly below the correspond- 
ing values for 60-40 solder joints made with leads cut 
to 14 in., it is felt that these results do not indicate a 
disadvantage of 95-5 solder. Flaring leads and controlling 
the lead length discussed above are two means of joint 
strengthening which are not applicable when leads must 
be left long for connection to other units. Solder of 95-5 
composition does not have this limitation. 

More recently, information has become available 
which indicates that 95-5 solder has “metallic whisker” 
growing tendencies to an extent not known.* Therefore, 
it appears adviseable to be cautious in using 95-5 solder. 

Double dipping is often advanced as a means of in- 
creasing fillet height and joint strength. Tests show that 
double dips over the original joint do not serve any prac- 
tical purpose, except possibly to fill any voids left from 
the original dip. Refluxing is necessary for acceptable 
solder flow. The second dip melts the first fillet but does 
not increase the final fillet size. It is believed that it 
tends to disperse the copper-tin alloy plane with a cor- 
responding joint strength decrease. This is not true if 
some change is made in the mechanical configuration be- 
tween dips. Flare cutting the leads would be an example 
of such mechanical change. 

The best methods of joint strengthening have been 
summarized and are shown in Table III. 


*See ‘Metal Whiskers,” Execrricat Manuractrurtnc November 1954, p. 110. 
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The dip-soldering program has served two main pur- 
poses: first, it provided information to implement an 
existing production problem, and secondly, made avail- 
able a large amount of data for use in the design and 
production phases of future printed circuit dip soldering. 

Production experience indicates that this method of 
electronic fabrication is practical, economical, and reli- 
able. From a process standpoint, it is essential that the 
following controls be observed: 

1. Periodic analysis of the solder pot for impurities 
and tin-lead ratio. 

2. Temperature control at 550 + 10 F with 60-40 
solder. 

3. Angle of contact between work and molten solder 
surfaces, 3 to 5 deg. 

4. Parts free from grease, wax, and excessive oxides. 

5. Dross removal from the solder bath surface im- 
mediately before each dip into the solder. 

Sufficient work has been done on tooling to indicate 
several important controlling factors: 

1. Metal surfaces coming in contact with the solder 
bath should be held to a minimum. Any metal will pick 
up solder over a period of usage. The best solution found 
to date is metal-reinforced Teflon. This plastics material 
will not pick up solder and will withstand the dipping 
temperature satisfactorily. Metal reinforcement is neces- 
sary only when unsupported holding members are 
required. 

2. A mechanical dipping arm with depth and angle 
adjustments is necessary to provide smooth entry and 
exit of the work from the molten solder. 

3. A mechanical wiper type of tool for dross removal 
seems to be most effective. A Teflon edge prevents the 
dross from sticking to the wiper. 

Successful dip soldering requires that the following 
factors be observed in the design of photo-etched circuit 
boards: 

1. The photo-etched pattern should conform to the 
general configurations shown in the article, “Dip Solder- 
ing Printed Circuits” (see reference). The streamlined 
pattern formation should be used throughout. 

2. Component and through-lead diametral clearances 
should be guided by the data on efficiency of dip-solder- 
ing joint formation and joint strength. 

Three years of production experience shows that high 
quality, reliable dip soldering of photo-etched circuits 
can be achieved by adherence to the principles of process 
control, tooling, and design summarized above. 

Since components as well as leads are used in con- 
junction with the dip-soldered joints, their strength must 
be considered in determining the need for joint strength- 
ening. Tests of a number of typical components reveal 
that, in general, they are somewhat stronger than stand- 
ard joints. Since the margin between component strength 
and joint strength is not great, it is felt that 95 per cent 
tin/5 per cent antimony solder will give sufficient added 
strength and, at the same time, increased efficiency of 
joint formation with the reservation as to whisker form- 
ation. O00 


Reference 
“Dip Soldering Printed Circuits,” 


ELECTRICAL MANUFACTURING, 
Feb. 1957, p. 124. 
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Aluminum Foil Transformer, 2 in. 
wide, insulated with kraft capacitor 
tissue impregnated with Stypol resin. 


H. O. ROST, Chief Development Engineer 
JEFFERSON ELectric COMPANY 
Bellwood, Illinois 


Considerations 
in the Design of 


Aluminum Foil Coils 


Experimental magnet coils wound from aluminum foil with capacitor 


kraft paper as layer insulation have proved to have superior heat 


distribution and space utilization, compared with copper wire. Coil 


weight was halved, material cost reduced 20 to 40 per cent. 


FOR MANY YEARS ENGINEERS HAVE ATTEMPTED to replace 
conventional magnet wire in coils by something less ex- 
pensive and lower in weight than copper, and having a 
higher filling factor than wire and better thermal con- 
ductivity. The patent literature of the last half century 
offers a host of ideas, most of them applied to special 
purpose coils. 

Practically, there is only one conductor material avail- 
able for the replacement of copper, namely aluminum. 
In respect to the cross-sectional area of the conductor, 
no great choice is given: A foil or strip is about the only 
form that deserves attention besides round or square wire. 

Copper in foil or strip form is more costly than copper 
wire. Its use is limited to special applications. Aluminum 
wire is lower in cost than copper wire, at least in the 
heavier wire sizes. There are however certain disad- 
vantages. Equal resistance is only obtainable if the cross- 
sectional area is increased by the factor 1.6 as against 
copper. The necessary increase of magnetic core material 
around the larger window for the coil usually offsets the 
theoretical gains in cost and weight obtained through 
use of aluminum wire. In special cases where a standard 
lamination has to be used and the copper wire does not 
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fill the window, aluminum wire might be indicated. The 
connection between the aluminum magnet wire and the 
copper lead end still presents a problem and unfavorably 
affects the cost picture. 

The only alternative to copper wire therefore seems to 
be aluminum foil or strip. In wire sizes heavier than 
about No. 21 AWG, aluminum foil compares favorably 
with copper wire, even on the basis of equal resistance. 
Under the qualification the aluminum conductor should 
occupy 1.6 times the space of copper. But actual opera- 
tional requirements call for equal efficiency, in terms of 
I?R losses and equal temperature rise during normal 
operation. To meet these conditions requires that the hot 
resistances measured under load have to be equal, rather 
than the cold resistances. This consideration brings in the 
relative temperature coefficients of resistance of copper 
and aluminum. Using handbook formulas, however, it 
is found that for equal hot resistances the cold resistance 
of the aluminum foil is so close to that of the copper 
(99.3%) that this nicety can be neglected. 

Since factors like current density and ratio of con- 
ductor surface to conductor cross-sectional area are in 
favor of the aluminum foil, the design can be based on 
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Foil Transformer 
Production—Discussion 


MONROE SHERMAN, President 
AMERICAN Sitver Co., Inc. Flushing, N. Y. 


THE ARTICLE ON “Basic Considerations in 
Foil Transformer Production” that ap- 
peared in January ELectrrica, MANUFAC- 
TURING, page 94, under the by-line of 
three development engineers of the Amer- 
ican Machine and Foundry Company is an 
excellent one. However, the authors seem 
to have overlooked one very important 
point. 

In our development of extra thin gage 
copper foils (as low as 0.00015 in. in pilot 
lot quantities) we have found most of the 
interest thus far has been from electronic 
manufacturers producing components for 
supersonic aircraft and other applications 
where size and weight are examined very 
critically. In all these applications, by 
crowding the components together, high 
ambient temperatures are necessarily de- 
veloped. 

For these applications aluminium foils 
do not stand up, and the use of wafer 
coils made of copper foils is mandatory. 
The writers do mention, on page 99, the 
heat dissipation advantages of wafer type 
construction, but they do not mention the 
necessity for using copper where higher 
ambient temperatures are encountered. 





a ratio of cross sections not greater than 1.5. Actual 
tests show that in many cases a ratio of 1.25 is per- 
missible. Even with this increased conductor cross sec- 
tion, due to the availability of insulating materials as 
thin as 0.00025 in, the filling factor of the window equals 
that of insulated wire with layer insulation and exceeds 
those values the heavier the copper wire to be replaced. 

An example will better illustrate this statement. A 
wire coil consisting of 10 layers filled with 36 turns each 
of 16-gage round enameled copper wire occupies space 
of 2 x 0.6675 in. or 1.335 sq. in. The cross-sectional 
area of the conductive material is 360 x 0.00203—0.731 
sq in. The filling factor is 0.731/1.335 x 100, or 55 per 
cent. Using a 1.5 ratio of equal resistance, the corre- 
sponding aluminum cross section should be 1.5 x 0.731, 
or 1.096 sq in. If a kraft paper 0.00025 in. thick is used 
for insulation, its total cross section is 2 x 0.00025 x 360, 
or 0.180 sq in., resulting in a total area of 1.276 sq in., 
or 95 per cent build. The filling factor is 1.096/1.335 x 
100 or 82 per cent as compared to 55 per cent with 
round copper wire. 

The weight of such an aluminum foil coil is about half 
of that of the copper wire coil. 

From the standpoint of sound economical reasoning 
therefore, the substitution of aluminum foil for copper 
wire heavier than 2] gage seems to be indicated. There 
are however a host of practical obstacles in the way from 
the concept to actual practice. The technique to be de- 
veloped had to compete with a highly mechanized and 
automatized technique of winding copper wire to coils, 
developed over a period of more than a hundred years. 
Even the close affinity to the technique of winding ca- 
pacitor sections contributed little to the solution of the 
problems encountered in the development of an alu- 
minum foil coil for general use in magnetic a-c devices. 

The problems occurred in the following areas: 


a. Electrical characteristics 
b. Foil properties 
c. Insulation properties 


d. Winding technique 





Prototype model of  alu- 
minum foil coil winder was 
an adaptation of a capacitor 
winder with added edge 
flattener (lower right) mak- 
ing use of ball bearing outer 
races for the purpose. 


=> 
Adaptation of a_ multiple- 
stick coil winder to wind 
aluminum foil coils. 
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e. Connection between aluminum foil and copper 


lead 


f. Impregnation of coils. 


Electrical Characteristics. Copper wire and alu- 
minum foil coils of equal resistance and equal number of 
turns have been investigated in low- and high-reactance 
devices. No differences of practical significance were ob- 
served in low-reactance devices in regard to total losses, 
inductance values, and stray field. Both kinds of coils 
passed the induced voltage tests as established by NEMA 
with the same low rejection rate. 

In high-reactance devices with magnetic by-paths such 
as series gaps and bridge gaps, however, differences in 
losses occurred. Aluminum foil chokes with unilateral 
air gap, for example, showed higher losses than copper 
wire chokes. This increase in losses was found to be due 
to unhomogeneous field distribution along the width of 
the foil, resulting in partial increases of current density. 
This drawback was remedied by a symmetrical arrange- 
ment of the air gap. 

The distributed capacity of the foil coil has not been 
measured but it is expected to be higher than that of a 
copper wire coil. This effect might be desirable in certain 
applications. It is insignificant in normal low voltage 
coils. Tests performed with frequencies considerably 
higher than 60 cycles showed no differences between 
aluminum foil and copper wire coils. 

Foil Properties. Only unetched, unanodized foil 
ranging upward from 0.00017 in. thickness was used. 
The suppliers’ certified tolerance in thickness of + 10 
per cent seemed to present a problem since the diametral 
tolerance of copper wire is only + 3 per cent. However. 
tests run over the last two years did not verify the initial 
fear in respect to overheating or overdimensioning of 
the coils. The main problem originated from the rela- 
tively rough foil edges causing turn-to-turn breakdown. 
This difficulty is not very serious in d-c coils, such as 
focussing coils. In a-c coils it is of crucial importance, 
and until a device was constructed that flattened the 
sharp edges of the foil during coil winding, the number 
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of failures for breakdown was too high to justify the 
continuation of the project. 

Insulation. As the potential between adjacent turns 
is only of the order of 1 to 3 volts, no material with 
high dielectric strength is required, and the space between 
adjacent convolutions can be reduced to 0.001 in. or 
even less. For the insulating layer, experimental work 
has been done using resin coatings, plastics film, anodized 
surfaces, and paper tissue as used in condensers. 

Coatings have been rejected for several reasons. The 
coating layer is about 0.001 in. thick, the foil edges are 
partially uncoated, and the reactivity with impregnants 
is in most cases unknown. 

Anodization allows for very thin insulating layers.* 
The problem lies again in the anodization of the edges. 
It can be overcome either by roller flattening, or round- 
ing, or by edge anodization in the final coil stage. 

Polyester tape like Mylar certainly lends itself to this 
application. The full properties however can not fully 
be put to use, and therefore at the present price level 
these film insulations appear to be not warranted. 

Excellent results were obtained with capacitor kraft 
tissue of 0.00025 in. thickness and heavier. The fibrous 
structure permits the impregnant to penetrate the insulat- 
ing layer completely and thoroughly by vacuum and 
capillary action. The paper serves as a spacer rather than 
as an insulator, and it seems that the intimate combina- 
tion between paper and the impregnant improves the 
properties of both constituents. 

Winding Technique. The first coils were wound on a 
simple capacitor winding machine, using a modified 
mandrel to wind rectangular coils on tubes. An edge 
flattener was attached, and a device for making connec- 
tions added. Certain measures had to be taken to prevent 
weaving of the coil, bending up of foil edges, telescoping 
and the like. A device also was added to provide guidance 
to the foil and paper and to ensure good sealing of the 
coil margins. All of these measures contributed to the 
ease in winding. In order to keep the coil dimensions 
within the specified limits the tension of the foil and 
paper had to be controlled. 

Connector Problems. The task of making connec- 
tions between the aluminum foil and the copper leads 
presented a problem of particular significance. In an early 
stage of the develonment work the choice of whether 
to make the connection outside or inside the coil was 
decided in favor of an inside connection. Electrolytic 
corrosion had to be presented and was achieved by com- 
plete sealing of the coils. 

The connectors consist of thin coated copper strips that 
are either soldered or welded to the bare aluminum foil. 
Coils containing up to six of these connectors have been 
life tested under most adverse conditions and tested in 
the humidity chamber. The results were more than 
satisfactory. 

Coil impregnation. The function of the impregnant 
is to provide a uniform insulatine layer between adja- 
cent foil convolutions. to fill holes and punctures and 
the weak snots in the paner. to give the coil mechanical 
strenoth te nrevent motion and vibration within the coil, 
and to seal the coil for reasons given above. 

Many waxes, epoxy resins and polyesters have been 


*See “Self-Insulated Aluminum Conductors,”’ 


1955, p. 171. 
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DR. VICTOR WOUK 

Director of Engineering, Beta Division 
SoreNsEN & COMPANY 

Stamford, Conn. 


Fig. 1—Typical high-voltage 
selenium rectifier “sticks.” 


ELECTRICAL MANUFACTURING 





Selenium Rectifiers in 
High-Voltage Power Supplies 


Economic considerations in designing higher voltage power supplies indicate that selenium 


rectifier stacks are best for some applications but outclassed by vacuum tubes for others. Costs 


are compared for several typical high-voltage circuits. 


UNTIL RECENTLY by far the larger percentage of ap- 
plications for dry rectifiers has been in the lower voltage, 
high current ranges. In the field of high voltage, the ex- 
tensive use of dry rectifiers is comparatively new, because 
the cost of the rectifiers has been considered prohibitive. 
except in specific applications where light-weight, small 
size and extreme mechanical ruggedness and reliability 
were desired (usually military applications). 

Herein is discussed the extension of the use of dry rec- 
tifiers to the high-voltage field, in a manner that is eco- 
nomical in comparison with tubes, and in some commer- 
cial applications actually considerably less expensive. The 
bulk of the material presented herein refers to selenium 
rectifiers, because of the fact that at present germanium 
and silicon rectifiers are not available in “stacks” for 
higher voltage applications. 

In the higher voltage ratings for low current applica- 
tions, the major advantages of selenium rectifiers (com- 
pared to tubes) are mechanical ruggedness, electrical re- 
liability, and flexibility, both electrical and mechanical. 
Major disadvantages of selenium rectifiers are high cost 
and assembly complexity where many “sticks” are used 
in series for the higher voltages (see definitions). 
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Advantages. Figure | pictures a group of typical 
high-voltage rectifier “sticks.” The selenium rectifier cells 
are stacked in a phenolic or similar laminated plastic tube. 
Disk springs assure correct contact pressure between the 
cells. The entire assembly is very rugged mechanically 
and is not vulnerable to breakage as are glass-envelope 
high-voltage thermionic rectifiers. Furthermore, there is 
no problem of filament breakage in shipment. Nor is there 
the problem of anode-cathode misalignment due to me- 
chanical shock in shipment. 

In applications where the equipment may be subject to 
severe vibration or repeated mechanical shock, such as 
in aircraft applications or in portable d-c overpotential 
testing equipment (])*, the ruggedness of selenium rec- 
tifiers is appreciated by the user of the high-voltage equip- 
ment as well as the manufacturer. 

Mechanical ruggedness increases the overall reliability 
factor in comparison with tube rectifiers. In addition, due 
to the absence of a filament with comparatively fixed life, 
the lack of hot cathodes renders the selenium rectifier, 
when properly rated and used, inherently more reliable 
than the equivalent tubes. This is particularly the case in 





*Italic numerals in parentheses apply to Cited References at end of article. 
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Fig. 2—Comparison of mechanical sizes of selenium rectifiers 
and tubes of 60 kv, 2.5 ma ratings. 


applications where line voltages may fluctuate consider- 
ably, and the filament voltage is not stabilized. 

Because selenium high-voltage, low-current sticks, as 
shown in Fig. 1 are comparatively thin, physical arrange- 
ments can vary when several have to be connected in 
series or parallel to obtain the desired current and voltage 
ratings. Thus, if the volume of space available is compara- 







4 anh, 
Os 
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Fig. 3 Air-insulated, selenium rectifier 
power pack, rated at 15 kv and 5 ma. 
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tively narrow, the rectifiers can be aligned in a plane. If 
a cylindrical volume is available, the sticks can be ar- 
ranged in a spiral, with proper attention to voltage gradi- 
ents. This is illustrated in Fig. 2, wherein a typical “very 
high voltage” rating of 60 kv is compared for a thin ar- 
rangement and a cylindrical arrangement. With a linear 
array, a trapezoidal enclosure, with rounded ends of only 
1% in. diam at one end, and 11% in. at the other end, would 
be necessary. In the cylindrical array, the selenium rec- 
tifiers would occupy a considerably smaller volume, and 
the cylinder could be filled with other of the circuit com- 
ponents, such as kilovoltmeter multipliers and capacitor 
bleeders. 

A tube rectifier of the same rating would be 21% in. 
dia and would be mounted in an oil-filled container. A 
cylinder of 314 in. dia is needed if the required clearance 
of 1% in. to the wall for 60 kv is to be obtained. 

The electrical flexibility of dry type rectifiers is of par- 
ticular value in the higher voltage ranges, where tube rat- 
ings jump from 60 to 140 kv, with corresponding increases 
in sizes. The dry rectifiers can be stacked to give the 
exact ratings required. 

To connect to a circuit, the simple stick requires only 
snap-in clips, or at the most, soldering two pigtails. A tube 
requires mounting of the filament transformer, wiring the 
plate cap and wiring the cathode. It is only when many 
selenium rectifiers are to be connected in series that the 
assembly problem becomes appreciable. 

Disadvantages. Generally speaking, with identical 
voltage and current ratings in the higher voltage ranges, 
selenium rectifiers are considerably more expensive than 
equivalent rectifiers of the hot-cathode type. This is illus- 
trated in Table I, which shows the comparative cost of 
components of a typical high-voltage circuit, namely the 
full-wave voltage doubler (2) illustrated beside it. In 
comparing the circuits for the tube rectifier and the 
selenium rectifier it is seen that the only difference is 
the filament transformer. 

From Table I, it is to be noted that in the lower current 
range (2 ma) the selenium rectifier does not cost much 
more than the type 1B3 rectifier tube and filament trans- 
former combination. When it is considered that the corona 


Higher Voltages Defined 


At present, manufacturers of equipment with voltages 
above those of household appliance requirements usually 
refer to the equipment as “high voltage.’”” The author 
proposes that the following definitions be considered, 
particularly in electronic work: 


Low voltage less than 300 volts 


Medium voltage at least 300 volts but less than 3000 


volts 
“Higher Voltages” 


High voltage at ieast 3000 volts but less than 
30,000 volts 


Very high voltage at least 30,000 volts but less than 


300,000 volts 


Ultra high voltage 300,000 volts or above 
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All capacitors 
0.006ufd, 75kv 


All voltages are 
dc or peok ac 


Fig. 4—Half-wave voltage quadrupling circuit for 300 kv at 
5 ma and 400 eps using rectifier tubes. 


inherent in an air-insulated transformer rated at 30 kv 
is eliminated by the use of selenium rectifiers, and greater 
reliability obtained, the price difference of $6.50 is scarcely 
enough to warrant the use of tubes. 

In the 40-kv, 20-ma tube unit, operation normally would 
be under oil (3), where corona is no problem, and it 
would be required to evaluate the comparative advantages 
against the noticeable difference in price. 


-_—— Hk ——-——_ [50kv ——> 





Fig. 5—Half-wave quadrupler using selenium rectifiers, cor- 
responding to circuit of Fig. 4. 
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Fig. 6—Half-wave voltage doubling circuit for 300 kv at 5 ma. 
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In the range of 40 and 140 ky at 100 ma, the cost of 
selenium rectifiers seems prohibitive, unless the advan- 
tages are extremely well warranted. 


Practical Considerations 


In many applications, the full current ratings of the 
very high voltage rectifier tubes will not be required. 
Thus, in many important industrial and electronic equip- 
ments, such as for theatre projection television (4), d-c 
overpotential testing (1), electrostatic painting, and dust 
precipitation, very high voltages are required at compara- 
tively low current, in the 1 and 2 ma range. Therefore, the 
relative economics should not be considered in terms of 
actual equivalent tube and dry rectifier ratings, but the 
costs of components for the specific application should 
govern. With the recent advent of high volume production 
of selenium rectifiers designed for low-current, high- 
voltage applications, individual cost analyses should be 
made of each application, as in many cases the selenium 
rectifiers are indeed of equal order of magnitude of cost. 
For example, consider electrostatic painting equipment 
where 130 kv is required at 5 ma. Selenium rectifiers for 
this application cost $360. This compares very favorably 
with the $348 shown in Table I for the 140-kv, 100-ma 
circuit. 

Use of selenium rectifiers eliminates the requirement of 
oil insulation, which was formerly necessary in compact 
power packs that employed tubes and a filament trans- 
former. Elimination of oil insulation obviates the neces- 
sity of hermetic sealing and simplifies enormously any 
servicing, trouble-shooting or modifications that might be 
required. This design, illustrated in Fig. 3, is limited to 
low-altitude applications, unless the unit is sealed her- 
metically. 

Let us now consider an application in the range of hun- 
dreds of kilovolts. The tube circuit of Fig. 4 was designed 
to produce 300 kv dc from 400 cps at 5 ma for particle 
accelerators in a nuclear physics application. As origi- 
nally built and described in the article referenced as (5) 
the circuit employed four tubes in a Cockcroft-Walton 
circuit (6) or, more accurately, a Greinacher multiplier 
circuit (7). 

The circuit illustrated employs standard available high- 
voltage components, see Table II for the ratings of each 
and the unit price. 

In Fig. 5 is shown the equivalent circuit employing 
selenium rectifiers which cost $660. Using Table II to 
obtain the costs of the capacitors and plate transformer. 
it may be surprising to learn that for 5 ma, the continuous 
operation rating for which this unit is designed, the cost 
of components is $366 less with the selenium rectifiers. 
Assembly costs vary widely, and may be the determining 
factor if low “first cost” is the criterion. 

The selenium rectifier design has a disadvantage of a 
maximum continuous rating of not much more than 5 ma. 
whereas the tube rectifiers, because of their higher inher- 
ent current rating, have a sustained continuous current 
rating of the order of 25 ma. On the other hand, the regu- 
lation at 25 ma load would drop the output voltage about 
160 kv, due to the internal impedance of 7.1 megohms at 
400 cps. (See below equation (1).) 

There are many applications, such as in apparatus for 
d-c overpotential testing, cable fault location, and aging 
of high-voltage tubes, where it is desired to have a con- 
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Table |—Comparative Costs of Components for a 
Full-Wave Voltage Doubler Circuit 








List prices 
Tube & 2 
trans- Selenium 
Tube ratings Filament | former rectifier 
——_—_-—_— trans- cost | cost 
Type kv ma Tube former (1) (2) 
1B3 30 2 $ 2.75 $ 24.00 $ 29.50 $ 36.00 
8013 40 20 10.30 69.00 89.60 300.00 


8020 
ML411 140 100 90.00 168.00 348.00 1680.00 








(1) Cost of 2 rectifier tubes, and 1 or 2, where needed, filament transformers. (a) (b) 
(2) Cost of total ‘‘stack”’ of selenium rectifiers for equivalent inverse voltage and continuous Tube rectifiers Selenium rectifiers 
load current ratings. 


siderably higher current capacity at lower output voltages 
than at higher output voltages. A selenium rectifier circuit 
is not suitable for such applications. 

An example will be cited in which by utilizing the elec- 
trical flexibility of selenium rectifiers, important savings 
in components costs can be effected for equivalent per- 
formance characteristics. The half-wave voltage doubler 
circuit, Fig. 6, analyzed in detail by Waidelich (2), has 
a 300-kv output, which would not be possible with tube 
rectifiers, as there are no hot cathode rectifier tubes avail- 
able with inverse voltage ratings greater than 200 kv. 
Furthermore it would not be practical to connect tubes in 
series for higher voltage ratings, primarily because of the 
problem of inverse voltage distribution. 

In this circuit, compared with Fig. 5, one less high- 
voltage capacitor, but one more high-voltage plate trans- 
former is required. The same total number of rectifiers 
are used as in Fig. 5, but the sections are now rated at 
300 kv inverse instead of 150 kv. This modification re- 
sults in an increased parts cost of $108. However, the 
performance of the circuit in Fig. 6 is superior. 

It has been shown that (8) the internal resistance R, 
of a voltage multiplying circuit is given by the following: 


(8n? + 9n? + n) 





R 
P i2fe 
where 
n = number of stages of doubling 
f = operating frequency 
¢ = net capacitance per stage 


Fig. 7—High-voltage section of air-insuated selenium rectifier 
& 8 o 

In the quadrupler of Fig. 4, n = 2, as there are two circuit for 300 kv at 5 ma. 
stages of doubling. 


Using the capacitance ratings of Table II, at an operat- 


ing frequency of 400 cycles: Table Il—Component Ratings and Cost for 
(8 X 8) +(9X 4) 42 102 em the Circuit of Fig. 4 
R; = 12 x 400 X%3 X10 =x 107 = 7.1 megohms (1) = ~ a 
Te ee CE a ey Se ORR 7 ni 0. ota 
rhe ripple is given by the f ' wing formula: in Ratings price | req need 
ripple = (n(n + 1) 
2fe Capacitor 0.005 uf, 75 kv $117.00 7 $819.00 
where Plate 
iis the load current transformer 44 kv rms, 30 ma 225.00 1 225.00 
Rectifiertubes | 150 kv inverse, 25 ma 82.50 4 330.00 
. ¢ Filament 
At 5 ma: transformer 150-kv insulation; 6 
ripple  & 518 > x 2x 5 ie ue 10-3 = 12.500 volts meceiiah volts, 10 amp 84.00 2 168.00 
2X 400 X3 XK 10° 24 XK 10" transformer | 300-kv insulation; 6 | 264.00; 2 | 528.00 
. > this wi so» a a volts, 10 amp 
Compare this with the performance of Fig. 6, where n = 1 $2070.00 
(Continued on page 362) 
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Capacitor Start/Run of 15-Hp Single-Phase Motors 


CHARLES H. CROUSE 
Engineer In Charge of 

Induction Motor Design 
Rossins & Myers, Inc. 

Springfield, Ohio 


THE STEADY EXODUS OF INDUSTRY to 
suburban communities, and the in- 
creased mechanization of farms in areas 
supplied only by single-phase power 
have long posed problems for both the 
motor and the equipment designer. The 
principal difficulties have been en- 
countered in the development of prac- 
tical and durable single-phase motors 
in ratings above 714 hp. The first deter- 
rent is the need for a large amount of 
auxiliary equipment, such as capacitors, 
centrifugal switches and relays. Second, 
as the horsepower of a single-phase mo- 
tor rises, its frame becomes bulkier in 





Fig. 1—Single-phase motors of 10 and 15-hp ratings have easily 
serviced “saddle-bag” (shown with cover removed) containing 
all capacitors and contactor. Centrifugal switch is at left. 
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order to accommodate the additional 
windings required. 

Because of the pressing need for 
suitable machines, much effort has been 
invested by Robbins & Myers’ engineers 
in developing a new line of single-phase 
motors operating on 230 volts. The line 
includes a 15-hp unit and two types of 
10-hp motors. In summary, the out- 
standing departures from conventional 
design are as follows: 

1. All auxiliary equipment is on the 
outside, either in a “Saddlebag” or 
“Derby Hat” as pictured in Figs. 1 and 
2, respectively. This allows quick in- 
spection, even while the motor is oper- 
ating, and easy maintenance. 

2. Continuous-duty capacitors have 
been added to permit use of the start- 
ing winding for running. 


3. An industrial-type contactor does 
the heavy job of handling the starting 
current load. This in turn allows use of 
a small centrifugal switch which only 
triggers the contactor. Since it is pro- 
tected from the heavy starting current. 
the centrifugal switch is more reliable. 

The auxiliary winding is present in 
single-phase motors to supply a second 
“phase,” meaning that the power in this 
winding must be timed differently from 
that of the main winding. In the capaci- 
tor-start motor an electrolytic capacitor 
is connected in series with the auxiliary 
winding to produce the second phase. 
Since the ordinary electrolytic capacitor 
is designed only for intermittent service. 
however, a relay or centrifugal switch 
is introduced into the circuit to discon- 
nect it once the motor has gotten up to 





Fig. 2—Single-phase motor with “derby-hat” cover removed for 
examination of capacitors and centrifugal mechanism. This con- 
struction is typical of medium range of motor ratings. 
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speed. Traditionally, the motor designer 
has located the centrifugal switch un- 
der the motor end head along with the 
capacitors. One common alternate has 
been to place the capacitors on the out- 
side of the motor for easy service or re- 
placement. 

By and large, the foregoing is descrip- 
tive of the type of construction adhered 
to for 30 years in single-phase capacitor- 
start motors. The methods were origi- 
nated for fractional-hp ratings. In de- 
veloping ratings of 1, 5 or 10 hp, de- 
signers merely increased the dimen- 
sions and enlarged the motors. For mo- 
tors up to 2 or 3 hp, this traditional 
mechanical construction probably is 
adequate because the necessity of re- 
placing a capacitor or examining or re- 
placing a switch on a motor of this size 
are not extraordinary mechanical 
chores. But as the need for larger sizes 
of single phase motors increased, it be- 
came evident that a fresh approach to 
the problem was required. 

Since the auxiliary winding in the 
usual capacitor-start motor is discon- 
nected from the circuit after the motor 
is up to speed, the start winding adds 
nothing to the power developed during 
running operation. For the new motors, 
the economies of space dictated that 
such part-time use of a winding be 
avoided. Accordingly, it was decided to 
use continuous-duty capacitors in the 
10 and 15 hp motors. These capacitors 
remain in the auxiliary circuit all dur- 
ing the running period of the motor 
and enable the auxiliary winding to 
contribute a share of the power to the 
motor. And, because an auxiliary phase 
is added to the motor, running charac- 
teristics approach those of conventional 
polyphase type in smoothness and 
operating efficiency. 

Since all of the copper is in use dur- 
ing the running operation, more power 
is available from a given frame, or the 
frame size can be reduced for a given 
horsepower. As an example, some years 
ago Robbins & Myers manufactured 
714 hp, 1800-rpm single-phase motors 
in frame 324. These motors were 
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Centrifugal 
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Fig. 3—Diagram of connectors of capacitor-start, capacitor-run single-phase motor with 
contactor and centrifugal switch. When motor is switched onto line, centrifugal switch 
and contactors are closed. At about 2/3 speed, switch opens, tripping the contactor 


and cutting out the starting capacitors. 


straight capacitor-start, single-phase 
run. The rating was not in the list of 
NEMA frame assignments and repre- 
sented a free choice. By redesigning to 
a capacitor-start, capacitor-run type mo- 
tor, it was possible to reduce the frame 
size to 284, the same as used for poly- 
phase motors of this rating. Yet the 
smaller motor has more torque and is 
more efficient. Significantly, the new 
10- and 15-hp motors are in NEMA 
frames 324 and 326. 

External Switches. In addition to the 
running capacitor, a second starting 
capacitor is used to supply some added 
phase-shift at locked rotor and low 
speeds, Fig. 3. Centrifugal switches for 
taking out the starter capacitor in the 
capacitor-start, capacitor-run motor are 
admittedly a potential source of trouble. 
Contacts wear and burn; their action 
can be modified by their relative posi- 
tioning on the shaft; and they are af- 
fected by dirt and contamination. In 
spite of these inherent weaknesses, mil- 
lions have been in successful use for 
years, with only occasional service or 
replacement. Nevertheless, as a poten- 


Grounding Shielded Cables 


M. C. LOGAN 

Executive Engineer, Terminal Division 
Tue Tuomas & Betts Co., Inc. 

THE TERMINATION OF THE BRAID on 
shielded wire or coaxial cable and re- 
ducing it to ground potential represents 
a genuine problem for the design en- 
gineer of electronic equipment. Con- 
ventionally specified methods leave 
much to be desired as far as ease of 
assembly and reliability are concerned. 
One common technique involves un- 


doing the braid, retwisting it, serving 
the twisted braid with the ground wire, 
and firmly soldering the ground wire 
to the braid. Another approach is to 
move the braid strands aside with the 
aid of a probe to create a hole through 
which the center conductor and _ its 
dielectric covering are pulled. The 
braid and ground wire are then twisted 
together and soldered. 

In an attempt to simplify the ter- 
mination technique, an_ investigation 
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tial source of trouble, it is advantage- 
ous to be able to examine this switch 
while the motor is in operation, or to 
give it a service check without tearing 
down the entire motor. 

To accomplish this, the switch has 
been mounted on a stub shaft, outside 
the end head of the motor. One form of 
this construction is shown in Fig. 1, 
with starting and running capacitors 
under a heavy cast iron cover along with 
the contactor and centrifugal mecha- 
nism. Merely removing the cover per- 
mits observation of the switch operation 
and testing or servicing of the switch 
and all capacitors. 

One further step has been taken. The 
heavy starting current of the auxiliary 
winding is not handled by the contacts 
of the centrifugal switch. Instead, an 
industrial-type contactor is employed 
for opening this circuit. The centrifugal 
switch is still needed, but now it merely 
controls the small current of the sol- 
enoid, or holding coil, of the main con- 
tactor. Increased life and reliability are 
expected, with all auxiliary equipment 
accessible for examination. O00 


has been conducted on the utilization 
of pressure connectors for this appli- 
cation. The accompanying illustration 
shows a method in which an installing 
tool is employed to cold swage a con- 
nector over the braid of the shielded 
wire or coaxial cable for the purpose 
of connecting it to ground. The con- 
nector consists of two parts, a hard 
inner sleeve and a soft outer sleeve. 
The connection is made by inserting 
the inner sleeve over the dielectric and 
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beneath the braid. The ground wire is 
inserted into the outer sleeve and 
the outer sleeve is placed over the braid. 
This “sandwich” is inserted on insta!- 
ling dies and compressed. This simple 
procedure connects the braid and 
ground wire. The braid is not removed 
and the conductor remains protected. 

The greatest benefits that this con- 
nector offers for increasing the reliabil- 
ity of the connection are the reduction 
in the number of process variables and 
the relative ease with which these vari- 
ables may be controlled. The variables 
are restricted to condition of contact 
surfaces, the installing die, connector 
quality, operator variables and_vari- 
ables in inspection. 

The statement that the effective limi- 
tation of process variables has a direct 
function on the reliability of the con- 
nection is based on the premise that 
the connector design is constructed so 
that a tight low resistance joint is main- 
tained for the life of the device in which 
it is used. The connector furthermore 
should not damage the conductors and 
should not introduce into the system 
transient variations in voltages which 
would cause radio noise or change 
characteristics of the circuit. 

By designing the terminal and instal- 
ling tool such that residual stresses are 
induced to maintain the surface in con- 
tact, an initial low contact resistance 
is maintained throughout the life of 
the circuit of which it is a component. 
The spring tension induced by these 
stresses prevents surfaces from loosen- 
ing during the expansion and contrac- 


Integrating Panel 


TO TRANSLATE DESIGN IMPROVEMENTS in 
a new panel meter into volume produc- 
tion, the Assembly Products, Inc., Ches- 
terland, Ohio, also developed and in- 
stalled several special manufacturing 
processes. These were incorporated in 
a semi-mass production assembly line, 
including a conveyor belt. 

The new meter (Figs. 1 and 2) was 
originally designed to enable Assembly 
Products to bid on a specific order for 
25,000 panel meters, to be used in 
civilian defense radiation detection 
equipment. Designated Model 253-E, it 
has now been added to the company’s 
regular line of panel meters, available 
with various sensitivities in lots of 1000 
or more. It is a D’Arsonval meter with 
a full-scale range of zero to 20 micro- 
amp. Specifications required it to with- 
stand the standard military 1200 ft-lb 
shock test. Actual tests show that it 
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Application of two-piece pressure connector for terminating the shield on a coaxial 
cable. No solder is needed for ground connection. 


tion occurring when current is carried. 
The new connection system accom- 
plishes this by placing the hard inner 
sleeve in stress. After hexagonal com- 
pression, the soft outer sleeve retains 
its compressed hexagonal shape, but the 
inner sleeve is in stress. This action of 
stress between conductor and connector 
is basic in all well designed pressure 
connectors. 

Because these connections are made 
in a great variety of equipment, includ- 
ing vital military electronic gear, exten- 
sive testing of the pressure connector 
was required before it could be fully 
accepted. For control purposes, one- 
half of the specimens tested were sold- 
ered after installation of the grounding 
sheath connectors. This was done to 


Meter Design with 


can withstand even more rigorous tests. 

To cut costs, provide the required 
shock resistance, and also interchange- 
ability with meters already in field use. 
the following design features were in- 
troduced. 

1. A one-piece molded clear butyrate 
plastics case, including the lens and 
flange but not the back. Butyrate was 
chosen because its outstanding charac- 
teristic is flexibility and “give,” in con- 
trast to certain other clear plastics, used 
for similar purposes, that are brittle 
and tend to shatter under shock. 

Inherently, this design produced a 
meter completely sealed from the front, 
as called for in the specifications. The 
only possible leakage point was the 
zero adjuster, which was rubber gasket- 
sealed. 

Use of butyrate did raise the problem 
of static electricity, however. To prevent 


determine whether or not the addition 
of solder to the pressure connection 
improved performance in any way. 
The tests performed were designed to 
measure millivolt drop, dielectric 
strength, tensile strength, radio noise, 
and to check the effects of thermal 
shock, salt fog, bake-out and vibration. 

The severity of this testing program 
is perhaps best indicated by the thermal] 
shock test employed, where installa- 
tions were subjected to 100 cycles of 
alternate baking at 100 C and imme- 
diate immersion into liquid nitrogen. 
A full 100 per cent of the specimens 
passed all of these tests, and no meas- 
urable improvement in performance 
could be attributed to the additional 
operation of soldering. Oooo 





Production 








Fig. 1—Panel meter designed by Assem- 
bly Products, Inc. for dosimeter applica- 
tion combines extreme sensitivity and 
high degree of shock resistance. To 
achieve design improvements and meet 
production cost requirements, special 
manufacturing processes and machines 
were developed. Feature of design is 
clear one-piece butyrate plastics case and 
molded rubber base. 
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static charges from disturbing the meter 
readings, the butyrate is treated with 
a special liquid compound that renders 
it nonstatic. 

2. The entire base of the meter, upon 
which the movement is mounted by 
means of small screws, is molded 90- 
durometer rubber without metal inserts. 
The base has a beveled outer edge. 
After the case is slipped over the rest 
of the meter, the base end of the case 
is sealed to the rubber by a special 
machine that first heat-crimps the case 
to the beveled edge of the rubber. Al- 
though the specifications did not call 
for the rear of the meter to be com- 
pletely sealed against water, experience 
has proved that the meter has adequate 
sealing for most usage. 

3. Glass jewels, made shock resistant 
by rubber backing, are used instead of 
the usual sapphire jewels. Glass jewel- 
are cheaper, of course, and in this case 
perform just as satisfactorily. 

4. Special coil cementing and baking 
techniques were developed so that the 
coil can be used without the aluminum 
bobbin on which it is originally wound. 
The free-standing coil, obviously much 
lighter than it would be if the bobbin 
had not been removed, will withstand 
a 4-lb crush test. No. 49 wire is used 
in the coil, which has a resistance of 
2850 ohms. The bobbin is Teflon coated. 
so that the wire and cement will not 
stick to it when it is removed after the 
coil is baked. 

5. Pointer and balance arms are fab- 
ricated out of a single piece of stamped 
brass, both for economy and added 
strength. 

6. Balance weights on the moving 
coil have been redesigned so that they 
now screw on instead of being pushed 
on. 

7. The pivot axis has been set off- 
center on the coil so that balancing 
time can be cut to a minimum. This 
latter feature permits making the tail 
piece weight smaller than usual (less 
than one-third conventional size) and 
using only one cross-arm weight instead 
of two. 

To help meet the scheduled produc 
tion rate of 300 meters per day, the 
company installed one of the few con- 
veyor belt assembly lines in the instru- 
ment industry (Fig. 3). Except for such 
operations as winding the coil and 
baking, almost every step in the assem- 
bly of the new meters takes place along 
the moving belt. 

A new machine has been developed to 
heat seal the butyrate plastics case to 
the rubber base (Fig. 4). (Two iden- 
tical machines, mounted side by side 
in a unit seal two meters at a time.) 
The completely assembled but unsealed 
meter is placed in the sealer, lens down. 
A lever-operated forming jig, with a 
tapered cup face that fits the beveled 
edge of the rubber base, is lowered onto 


Fig. 2—Exploded view of panel meter construction. Note major elements: Molded 
plastics case, dial assembly, coil assembly, Alnico magnet, molded rubber base, and 


various mounting details. 


Fig. 3—Semi-mass production line in operation on Assembly Products’ Model 253-TE 
panel meter is shown in illustrations above and below. 


the rear edge of the butyrate. A heat- 
ing element in the jig raises the tem- 
perature of the butyrate to the point 
where it may be easily formed. Then 
the lever is pulled farther down and the 
plastic and rubber are sealed. The jig 
remains in each stage about 5 sec. The 
sealing temperature is about 225 F. 
New semi-automatic calibration equip- 
ment also was developed to speed meter 
production. Once a meter has been cal- 
ibrated to a single point, a flip of a 
switch will cause the equipment to stop 
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automatically at the cardinal points. 
Another switch causes the indicating 
pointer to run up and down the scale, 
in a check for stickiness in action. 

Two other special units include a 
foot-switch-operated demagnetizing ma- 
chine, operating on the capacitor-dis- 
charge method, which permits con- 


Fig. 4—Specially developed heat-sealing 
machine for assembling butyrate plastics 
case and molded rubber base of new panel 
meter. 
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trolled demagnetization; and an oven 
for cementing end blocks to coils by 


carrying the parts past infra-red lamps 
with a temperature of 450 degrees. 
Dimensions of Model 253-E includes 
the following: OD of the flange is 2.69 
in. Arc length is approximately 134 in., 
with an are radius of 14% in. Mounting 


is per MIL-M-6A for 2% in. meters. 
Combined depth of flange and lens is 
38 in., with the barrel extension to the 
rear of the flange 0.900 in. The 8-32 
studs project another half-inch. 

OoOO0O°O 


Centrifugal Switch Detects Loss of Speed 


IN MANY TYPES OF EQUIPMENT the fail- 
ure of a blower or other rotating com- 
ponents may not be readily detected, 
because the equipment itself may still 
continue to operate—although improp- 
erly or even dangerously. The burner 
in a gas furnace is a typical example. 

To protect against the hazard of 
blower failure, the Simeon Manufac- 
turing Company uses a_ centrifugal 
switch mounted on the blower shaft of 
their “Power Flame” gas _ furnace 
burner, as shown in Fig. 1. Upon loss 
of blower speed, the switch operates to 
open a mercury switch. This 
shuts off the flow of gas to the burner, 
as detailed in Fig. 2. 

The switch selected for this applica- 
tion has been developed by the Torq 
Engineered Products Company of Bed- 
ford, Ohio, under the trade name 
Syncro-Snap. It’s designed to operate 
on speed alone, regardless of load or 
heat conditions, and has an rpm-based 
switching accuracy of +3 per cent of 
blower rpm. o0°O 


action 


OFF POSITION 
= 


Fig. 1—Blower unit with fan cutaway to show shaft-mounted centrifugal switch that 
operates to shut off gas flow to burner on loss of fan speed. 


BLOWER SHAFT. 





Fig. 2 


-(Left) Standstill condition with centrifugal switch off and mercury switch open. (Right) 


switch held closed and mercury switch on. 


OPERATING POS/TION 


Running conditions with 


Hand Calibrating Precision Potentiometer Dials 


EDMUND OSTERLAND 
EvLectronic INSTRUMENTS 
Mountain Lakes, N. J. 
IN SOME PRECISION POTENTIOMETER 
APPLICATIONS where precise indication 
of voltage division is required, it is 
sometimes more economical to hand 
calibrate the dial than to select or to 
try to match precalibrated dials to 
specific potentiometers. 

In the setup shown in Figs. 1 and 2, 
provision is made for mounting the 
potentiometer with dial affixed in such 
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a manner as to permit inscribing the 
divisions on the dial with a_ small 
bench-type engraver at the precise 
points at which the measured resist- 
ance is of the correct value. The re- 
sistance is continuously monitored by 
a Wheatstone bridge. For a dial re- 
quiring 100 divisions, the total resist- 
ance of the potentiometer is measured 
and divided by 100 to yield the exact 


Fig. 1—Dial assembly and indexing drive 
wheel for calibrating potentiometer dial. 


Engraving cutter 


Driven disc 
(spring brass) 


Rotio 
odjustment 


Blank dial 
and knob 
ossembly 
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Send for this Hzec SAMPLE FOLDER... 


different Test Samples of 
high-dielectric 


INSULATING 


3 


TUBING and SLEEVING 


INCLUDES SAMPLES AND DESCRIPTIONS OF 
THE FOLLOWING... 


VARGLAS SILICONE Class H insulating materials were 
pioneered by our Laboratory. Retain flexibility, electrical 
properties and mechanical strength in temperatures ranging 
from —85°F. to 500°F. Available in tubing, sleeving, lead 
wire, tying cord. 


PERMAFIL-IMPREGNATED VARGLAS TUBING Fiberglas 
braid coated with General Electric’s Permafil resin. Ex- 
tremely tough, resistant to solvents and elevated tempera- 
tures, highly flexible. Can be bent or twisted with little or 
no loss of dielectric strength. Coils and standard 36” lengths. 


VARGLAS SLEEVING AND TUBING Numerous types and 
grades—including synthetic-treated, varnished, lacquered, 
saturated, litewall and others. 


VARGLAS NON-FRAY SLEEVING Fiberglas braid normalized 


to remove all organic impurities. It will withstand tempera- 
tures up to 1200°F. Recommended where dielectric prop- 
erties are not paramount. Three types available. 


VARFLO TUBING AND SLEEVING vVinyl-coated Fiberglas in 


full range of sizes, colors and grades. Extremely flexible 
with excellent heat aging qualities. Low priced. 


VARFLEX COTTON TUBING AND SLEEVING Varnish or lac- 


quer impregnated —for applications where MIL-I-3190 
Class A materials are specified. All NEMA grades. 


SYNTHOLVAR EXTRUDED TUBING Made in various stand- 
ard formulations of vinyl polymers. Has high dielectric and 
tensile strength—will not support combustion nor absorb 
moisture. Type EG Approved under MIL-I-631A. Several 
others to meet special requirements. 


NEW! VARGLAS SILICONE RUBBER SLEEVING AND 
TUBING—the culmination of 5 years of research—for 
applications requiring extraordinary flexibility. De- 
tails on request. 


MAIL COUPON TODAY FOR SAMPLES! 


VARFLEX CORPORATION, 
504 W. Court St., Rome, N. Y. 


Please send me free folder containing samples of your electrical 
sleeving and tubing. 


1 am particularly interested in insulation for: 
ECs iestrwicidige b 0c : 


COMPANY.... 
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increment of ohms per division. Cali- 
bration may then be started by mak- 
ing a mark at the maximum resistance 
setting, subtracting the incremental 
value from the bridge setting, balanc- 
ing the bridge by resetting the poten- 
tiometer dial, marking the second di- 
vision, etc. With proper care, accu- 
racy is limited only by the resolution 
of the potentiometer. 

In the device shown, a friction-drive 
dial mechanism from a standard 4-in. 
diam knob and dial assembly provides 
the basis of the mechanical arrange- 
ment. The large spring-brass disk is 
removed and fitted to a bushing in 
such a manner that it can be mounted 
on the potentiometer shaft. The bush- 
ing must have an axial length small 
enough to also permit mounting the 
blank dial with its attached knob on 
the end of the shaft. The assembly of 
the potentiometer, brass disk, and dial 
knob is then affixed to a dummy panel 
in the relation shown. The small fric- 
tion-grip drive wheel is then mounted: 
this is fitted with a 1.5-in. disk having 
equally spaced holes at a fixed radius 
from the auxiliary shaft center. These 
holes provide indexing means for lo- 


(Engrover bose) 


Adjust ratio to 
suit variations 
in potentiometer 
linearity. 


Fig. 2—Mounting arrangement for precision dial calibration and engraving. 


cating the subdivisions on the main 
dial by engaging a spring-loaded de- 
tent steel ball on the adjacent support. 

Because the angular space between 
major divisions may vary in accord- 
ance with the linearity of the potenti- 
ometer, the coupling ratio must be 
variable. This is accomplished by 
mounting the drive wheel shaft on a 
pivoted arm moved by a screw and nut 
adjustment. As the friction wheel is 
compressed against the driven disk its 
radius is shortened to provide a higher 


driving ratio. 

With the apparatus described above, 
the 10 major divisions of the dial may 
be engraved with reference to the 
Wheatstone bridge. The remaining divi- 
sions may be engraved with reference to 
the click stops of the index disk as each 
hole engages the steel ball. It is neces- 
sary to observe for each span between 
major divisions the correct ratio adjust- 
ment yielding alignment of major divi- 
sions with the position of the indexer 
following 10 clicks. O00 


Ruggedized Miniature Timing Generator 


THE TIMING GENERATOR ASSEMBLY shown 
in Fig. 1 is designed to provide 150-volt 
output pulses to actuate a NE-2A neon 
bulb and establish a time base on the 
film of airborne data recording cameras. 
The illumination is fed to the film by a 
light-conducting optical probe. The cir- 


< ss 


Fig. 1—Miniature timing light generator installed in GSAP 


camera modified for data recording. 
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cuit can be designed to pulse at any 
rate up to 3000 times per sec with flex- 
ibility of pulse duration. Standard mod- 
els, now being made by Electromation 
Co., Burbank, Calif., under license from 
the Missile Systems Division of Lock- 
heed Aircraft who developed it. deliver 


1000 ysec pulses at a reptition fre- 
quency of 10 per sec. 

The assembly weighs only 2.0 oz and 
occupies 4 cu in. It can be installed as 
an integral part of a recording camera. 
replacing bulky signal generating equip- 
ment. Initial applications of the device 


Fig. 2—Timing light pulse generator designed for installation 


as an integral part of Wallensak Fastair missile camera. 
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f (} \ DIMENSIONS-—Length 3%”. Width 22”. Height 2%6”. WEIGHT-—11 oz. 


Interchangeable Coil Assembiies 


provide innumerable operating variations 
for experimentation —production—field servicing! 


No solder connections necessary when changing coils. This relay 

eee that introduced 25 ampere power and interchangeable coil assem- 

P blies—the Guardian Series 2100-U Power Relay—has become the 

The Standard Unit standard unit of control for a host of heavy duty applications, in 
of Control for: less than six months. Standard unit has D.P. D.T. contacts rated at 
25 amperes continuous duty A.C., with 75% power factor. Coil 

HEATERS » MOTORS voltages available, 6 to 230 volts A.C., 6 to 220 volts D.C. Operating 
ELEVATORS ¢ WELDING power requirement is 9.5 VA, coil drain approximately .080 amperes 


TRAFFIC SIGNALS « AUTOMATION at 115 V., 60 cycles. Built to meet U/L specifications. 


Arrange for delivery of a production sample. Write for bulletin PR. 
Visit 
Booths 


az GUARDIAN W ELECTRIC 


RE. Show 1627-C W. WALNUT STREET CHICAGO 12, ILLINOIS 
‘*Everything Under Control’’ 
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will be in GSAP cameras modified for 
data recording and in the newly devel- 


TO ALLOW ADJUSTMENT of propeller 
shaft length in its Lightnin portable lab- 
oratory mixers, Mixing Equipment Com- 
pany, Inc., Rochester, N. Y., telescopes 
the end of the shaft into a tubular drive 
member. The latter is mounted on ball 
bearings (see cross-sectional view) and 
receives its power from the motor 
through a wheel-and-disk variable speed 
drive. A collet type chuck locks the two 
shafts together. 

For corrosion resistance, Monel metal 
was selected for the tubing. The tubing 
has a number of machining operations 
to be performed on it. A keyway must 
be milled, bearing seats turned, and 
the collet end knurled, tapered and 
threaded, as well as a deep hole drilled 
in one step. Hence one-half the com- 
mercial concentricity tolerance on tub- 
ing of this small size had to be spec- 
ified. 

Mixing Equipment Company gets the 
necessary concentricity by purchasing 
small diameter (0.4687 in. OD x 0.308 
in. ID) Monel tubing cold drawn by 
Superior Tube Company, Norristown, 
Pa., to 0.008 in. concentricity. The tub- 
ing is purchased in the full hard con- 
dition, but since considerable machining 
is done on the tube Superior stress- 
relieves the hard drawn tubing to assure 
freedom from warpage as a result of 
these operations. 

Mixing Equipment has found that 
the tube-and-chuck arrangement is by 
far the most satisfactory means of ad- 
justing propeller shaft length and per- 
mits easy interchangeability of shafts 
for different jobs. The mixers have 
found wide application in laboratories 


THROUGH DEVELOPMENT OF NEW COLD 
FORGING and embossing techniques, de- 
signers concerned with decorative and 
product identification factors are being 
given wide latitude in reducing drafting 
board concepts to metal. In the Kolfor 
process of coining, individual letters, 
scripts and extended patterns up to 15 
in. long by 2 in. wide are being forged 
in aluminum, with integral holding lugs 
on the back side. The lugs may be 
headed or spun in place or held with 
spring-clip fasteners. Depth of emboss- 
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oped Wollensak Fastair high-speed mis- 
sile camera shown in Fig. 2. The timing 
system has withstood acceleration loads 
in excess of 100 g and performed accu- 
rately despite high vibration levels, high 






Drive Tube Held to Close Concentricity 





altitude, and temperature variations 
within —65 F to +185 F. Subminiature 
tubes are assembled in a sandwich with 
capacitors and resistors on a Fibergla> 
board which bears the printed circuitry. 
000 


SEALED 
BALL BEARING 


TUBE 


CHUCK 


SHAFT 


Detailed drawing of the Model F Lightnin mixer shows how the propeller 
shaft is inserted in the Monel tube and held tight with the chuck. Interior of 
tube is gun drilled to receive propeller shaft. 


and industry for dissolving chemicals, 
making up standard solutions, prepara- 
tion of test materials, pre-pilot plant 


Cold Forming Processes for Escutcheon Plates 


ing may be up to %¢ in. height, depend- 
ing upon area. 

Items like the General Electric re- 
frigerator nameplate, Fig. 1, are formed 
in individual letters and an emblem. 
The finish can be anodized in a variety 
of brilliant colors or by enamelling. 

Deep dimensional embossing of sheet 
aluminum, brass, cold rolled steel and 
stainless steel is also being performed 
by Etched Products Corp., Long Island 
City 4, N. Y. Height of lettering ranges 
up to 0.050 in. in areas up to 30 in. 





experiments involving small quantities 
and the preparation of small production 
lots of liquid materials. O0OO 


square or 20 x 48 in. The General 
Electric food freezer door illustrated in 
Fig. 2 measures 25144 x 101% in. and 
was formed from light-gage aluminum 
sheet. It features a wavy pattern deeply 





Fig. 1—Cold-forged coined letters have 
integral lugs for attachment to product 
panel, in this case a refrigerator. 
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Immediate 
Delivery... 


on Mallor, Silver Rivet Contacts 


4 cop iad 


Mallory Silver Rivet Contacts are standardized in 70 stock 
types and sizes—which means you can count on immediate 
delivery for pilot run or production. 


Mallory’s standardization program was built on the results of 

— an intensive study of thousands of silver rivet contact orders. 

1 From this survey, 70 basic types were evolved to fit the great 
majority of applications specified in these orders. 

1 Availability from stock means time saved on orders. Stand- 


ardization means a wide selection of catalog items, often pro- 
viding an in-stock item for what might otherwise have been 
a specially tooled job with its associated higher cost and 


longer wait. 
E ? Dimensions, part numbers, ordering information and pricing 
data are included in the Mallory folder on silver rivet con- 
tacts. Before you place a specially tooled rivet order, why not 
: check the Mallory list for a stock item—and tally up added 


cost savings on your next production run? Write—or ask the 
Mallory representative for your copy of Bulletin 3-15A. 


iF... your requirements are unusual, and do call for special 
contacts— Mallory engineers will be glad to assist in de- 
signing and specifying— Mallory production facilities are 
available for contacts or complete contact assemblies. 


Expect more...get more from 


-MAicoRY 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Special Metals * Welding Materials 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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embossed across its surface by the so- 
called Embos process. Finish is a com- 
bination of clear anodizing and mask- 
sprayed enamel baked on. Green enamel 
fills the background area. Border, which 
extends 14 in above the panels surface, 
is finished in an anodized coppertone. 
The words “Food Freezer” are em- 
bossed to a greater degree than the 
wave lines and stand unpainted from 
the surface. The same producer has 
developed a roll embossing technique 
that allows a “pause in the design” to 
permit the insertion of emblems, trade- 
marks or other variations in the design 
so as to combine a decorative back- 
ground and product identification in 
the same plate. 

In the Rolbos process, aluminum, 
anodized in any color, can be “stop- 
rolled,” and the embossed emblem 


Control Problem in 


DESIGN ENGINEERS AT THE Staten Island, 
N. Y. plant of the S. S. White Dental 
Manufacturing Co., were faced with the 
problem of temperature control in a 
small warm-water tank in the drinking 
water combination unit, Fig. 1, used in 
the company’s chair-side dental equip- 
ment stand. The small size of the 
tank (3 in. diam, 51% in. long—1 pint 


~ 


capacity) made it impractical to use 








Heater 
(75 watts) 
™— 






Storage tank ; 


Cold ns 
water “> 2 5 
inlet 


To warm woter valve 


Miniature 
thermostat (105°F) 


To cold water valve 





Fig. 2—Example of deep-dimensioned 
embossing (Embos) on color anodized 
aluminum. 


later lithographed or enamelled in full 
color. Two-tone textures with raised 
bright polished designs on a sunken 
frosted background also are available. 
Other design modifications possible with 
the stop-roll process include the blend- 








Fig. 3—Example of stop-roll embossing 
of an automobile dashboard. Segmented 
lines are depressed in black, with roller 
embossed pattern. 


ing of several different designs on « 
single panel, the elimination of all 
design over a certain area (borders. 
for example), or the introduction of 
embossed text or instructions. A large 
number of stock patterns are available, 
and new pattern possibilities are not 
limited. 

Besides aluminum, cold rolled steel, 
stainless steel, and brass can be stop- 
roll embossed. Gage thickness ranges 
between 0.003 and 0.015 in. Area is 
limited to 30 in. wide and up to 48 in. 
long. o© ¢ 


Pint-Size Water Tank 


an immersion thermostat, because of 
the short distance (about 1 in.) be- 
tween the heater and thermostat. This 
short heat path would have caused the 
thermostat to react too quickly and 
shut off the heater shortly after it 
turned on. This would have produced 
highly accurate temperature control, 
but also a somewhat high heater cycl- 
ing rate, causing excessive contact wear 


Fig. 1—Schematic layout of the combination drinking water unit, showing heat-control 


arrangement and piping. 
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and a longer warm-zp period. The de- 
signer’s solution was to use a rectangu- 
lar miniature thermostat unit, mounted 
on the outside wall of the tank. 

The drinking water unit consisted 
of a thermostatically controlled warm 
water tank and a cold water supply 
by-passing the tank. Each line is con- 
trolled by a separate valve, but the 
flow from each meets at a common 





Fig. 2—Miniature Thermoswitch unit 
which controls the mounting temperature 
of the warm water tank. It has an ad- 
justable setting range of —20 F to 200 F. 
Load rating is 2.5 amp, 115 volts a-c. 
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6-fingered SPEED CLIP* 
holds glass panels tight, saves 46%! 


This special SpEED Cup fastens glass panels to 
aluminum extrusions with a grip that prevents 
slippage. Heat stays in, rain stays out of green- 
houses and similar glass structures. Working closely 
with engineers of the Metropolitan Greenhouse 
Mfg. Corp., Brooklyn, Tinnerman developed this 
unique fastener that saves almost one-half the cost 
of former less effective assembly methods! 


Installation is fast and simple. Two overlapping 
glass panels are positioned against the extrusion. 
A screw driven into the spring-steel SPEED CLip 
spreads the two center fingers outward to grip the 
inner walls of the extrusion. No secondary fasten- 
ing devices required—SpeEeD C.uIps hold tight, yet 
are easily removed to permit replacement of glass. 


This is another example of a fastener engineered 
by Tinnerman to satisfy special, complicated 
fastening problems. A Fastening Analysis of your 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


products may produce a similar cost-cutting solu- 
tion. See your Tinnerman representative soon. 


TINNERMAN PRODUCTS, INC. 
BOX 6688 + DEPT.12 + CLEVELAND 1, OHIO 


TINNERMAN 


Speed Mute’ 


FASTEST THING IN FASTENINGS® 





‘Canada: Dominion Fasteners, Limited, Hamilton, Ontario. Great Britain: Simmonds Aerocessories, Limited, Treforest, Wales. France: Simmonds, S. A., 3 rue Salomon de Rothschild, Suresnes (Seine). Germany: Hans Sickinger GmbH “MECANO™, Lemgn-f- Lippe. 
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outlet to permit blending. The tank 
is kept filled automatically from a T- 
connection in the cold-water line. 

The water in the tank is maintained 
at 105 F, (a comfortable mouth temp- 
erature) by a miniature Thermoswitch 
unit manufactured by Fenwal Inc., Ash- 
land, Mass. (Fig. 2) mounted on the 
outside of the tank wall. This location 
produces a small “built-in” lag in heat 
transmission to the thermostat, thus re- 
ducing the cycling frequency of the 
heater and speeding warm-up. Yet the 
heat transfer through the %4-in. brass 
wall is rapid enough to permit the 
thermostat to control water temperature 
within a few degrees. The thermostat 
is held directly on the wall by pressure 
exerted on its mounting flanges by the 


legs of a U-shaped 
silver-brazed to the tank. 
Conservative heater sizing was im- 
portant to prevent excessive heat input 
into the small mass of water in the 
tank. Accordingly, a 75-watt immersion 
heater is used. It is controlled by the 
thermostat through the 115-volt taps of 
the power transformer which furnishes 
supply voltages for other electrical de- 
vices of the dental unit. Temperature 
control is further aided by an external 
recirculating line which utilizes the con- 
vection currents in the tank to produce 
a slow continuous mixing and thus pre- 
vent temperature stratification when the 
water is not drawn off for a period. 
Since the warm and cold water valves 
feed to a common outlet through a T- 
connection, the mass of metal in the 
connection was kept as low as possible 
to minimize draining heat 


spring clamp, 


from the 


warm water line. The T which links the 
two valves is less than 1 in. long and 
has a rectangular cross-section of ¥ 
by eo in. 

Since the reliability of components in 
dental units is of extreme importance, 
the service life of the Thermoswitch was 
tested by mounting it directly on top 
of a 100-watt bulb (which has a heat 
output about equal to that of the im- 
mersion heater used in the tank) and 
wiring its terminals to the lamp circuit. 
The thermostat operated the simulated 
heater circuit continuously at the rate 
of about 15 cycles per min to exceed 
the minimum performance specifications 
of 100,000 cycles. Similar performance 
tests given by Underwriters’ Labora- 
tories subjected the entire unit to a 
50-cycle test at 50 per cent overload 
and a 30,000-cycle test at normal load. 

O00 


Magnets “Self-Synchronize” Resistance Welder 


ALL RESISTANCE WELDING requires ac- 
curate timing in the application of heat 
and pressure. In welding conventional 
materials, either hydraulic or pneu- 
matic pressure is used and proves satis- 
factory. But in welding highly critical 
or precious metals, such as for electrical 
contacts, the synchronizing of heat and 
pressure must be precise. 

Positive synchronization has been 
achieved economically through the use 
ot electromagnets in the electrode cir- 
cuits of a new line of Magnetic Force 
Welders developed by the Precision 
Welder and Flexopress Corporation of 
Cincinnati. As shown in the accompany- 
ing circuit diagram, pressure is applied 


Solenoid air voi 


ve 
os 
| > 


ff 


Air cylinder ~ ¢ 













Lineage 









D-c holding 
coils 
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Electromagnets in secondary welding cir- 
cuit synchronize pressure with welding 
current for precise welding of electrical 
contacts, 
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Stepless Dimmer for Table Lamp 










THE LuxTROL LAMP CONTROL will dim table lamps 
for TV viewing and brighten them for reading, afford- 
ing a “light touch” never before possible in the 
home. Uses a variable autotransformer controlled by 
sliding contact and dial pointer. Will handle 125 


watts continuously. Exterior designed by Edward 
Crouse of Edward Wormley and Associates in simple 
beauty with gold and silvery rhodium face and 


coverings of simulated leather or textural Japanese 
grass cloth. Luxtrol lamp control is made by The 
Superior Electric Company, Bristol, Conn. 


OOO 
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FENWAL’S THERMOSTATS 








Some Units Smaller Still 


NOW CIGARETTE SIZE 


Take Little More Room Than Sugar Lump 


ASHLAND, MASS. — If you want 
to control temperatures in tight spots, 
you should see Fenwal. Fenwal has 
cut the size of thermostats way down. 

You can fit one of their Midget 
THERMOSWITCH units anywhere a 
cigarette will fit. And, if you’re work- 
ing with even less space, one of their 
Miniature THERMOSWITCH units is 
what you’re looking for. The Minia- 
tures are little bigger than a lump of 
sugar, and some are even smaller. 

The Midgets and Miniatures use 
the same unique principle used in 
Fenwal’s bigger THERMOSWITCH con- 
trols. They use it with the same high 
degree of success. 

The principle of all Differential Ex- 
pansion THERMOSWITCH units, large 
or small, is this: a single metal shell 
expands or contracts with tempera- 
ture changes, making or breaking 
totally enclosed electrical contacts. 

The smallness of the Midget and 
Miniature units does not deprive 
them of any of the performance char- 
acteristics that have made larger 
THERMOSWITCH units famous. They 
have THERMOSWITCH ruggedness, 
THERMOSWITCH accuracy, and reason- 
able THERMOSWITCH prices. 

Temperature range of the Midget 
series: — 50°F to 500°F. Range of the 
still smaller Miniature series: — 20°F 
to 275°F. 

Midgets and Miniatures, all in 
stainless steel, come in a variety of 
mountings. Hermetic sealing is also 
available. 

These Fenwal THERMOSWITCH units 
are precision-engineered to give op- 
timum temperature control with 
minimum-sized devices. They remain 


READER INQUIRY SERVICE CARDS, PRECEDING 








THERMOSTATS FOR TIGHT SPOTS — A Fenwal Midget THERMOSWITCH® unit and a Fenwal 
Miniature THERMOSWITCH unit — two good answers to the question, ‘““How can you in- 
stall an accurate, reliable thermostat where there’s almost no room?”’ Actual sizes of 
these particular models — 14” x 2252” for the Midget; 1” x 14” for the Miniature. 


accurate under the most severe op- 
erating conditions. 

You should have details on this ad- 
vance in temperature control at your 
fingertips. Write for information to 
Fenwal Incorporated, 13 Pleasant 
Street, Ashland, Massachusetts. 


BACK COVER 








CONTROLS TEMPERATURE 
.-» PRECISELY 
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DESIGN TRENDS Where forging action is desired, a set ondary welding circuit. Light electrode 

rl of d-c holding coils can be used to op- force at the contact point maintains 
pose the welding force magnets. During high heat until plastic flow occurs in 

by the attraction of an a-c armature to the first part of the welding cycle, the the weld area—at which time conduc- 

a pair of a-c electromagnets through d-c magnets attract the armature, creat- tivity increases rapidly, causing the 

which the heating current passes, after ing a large air gap between the arma- welding magnet to overcome the delay 

initial electrode contact is made by the ture and the weld force magnets. The magnet and deliver the forging blow. 

air cylinder. air gap reduces induction in the sec- oO 0 


Linear Torque-Motor Designed for Gyroscopes 


THE FAMILIAR D’ARSONVAL PRINCIPLE fi in gE OS 
has been successfully employed by pie Mees 
Westinghouse Electric Corporation for . i ay 

the functions of restraint and command i Sa! 
in their miniature gyroscopes. For these 
purposes this principle is ideal because 
it offers proportionality between cur- 
rent and torque, as required in its 
almost universal use in linear scale d-c 
meters. 

Torque-motors are used for the 
command of integrating gyros and the 
restraint of rate gyros. In the latter 
the torque-motor current is actually 
the gyro “output”, so that a linear 
relation to angular rate and then to 
the degree of restraint by the torque- ; / J 
motor is a critical requirement. iad Ss 

In addition to linearity, these gyro- 
scope functions require high torque. 
The miniature torque-motor shown de- 
velops more than 3000 dyne-cm without 





Coils and torque-motor rotor assembly. 


any signs of saturation or hysteresis. ing a concentric construction. The low- axis, and at equal distances from the 

The Westinghouse design achieves inertia non-magnetic rotor carries a axis. A constant flux field is provided 
the desired linearity and high torque, performed flat coil, so fastened that all by the permanent magnet and the flux 
and also ease of assembly. by employ- conductors lie parallel to the rotor return ring of the stator. O00 


Barrel Plating Tank Floats on Cogged Belt 


INSTEAD OF A SERIES OF GEARS, a pair of standard cogged 
V-belts are used to drive the new Mercil type barrel plating 
cylinder introduced by Hanson-Van Winkle-Munning Co., 
Matawan, N. J. By reducing the number of rotating parts 
to a minimum, life of the unit is extended. Positive cylinder 
rotation is provided by stainless steel pins in the driving 
pulleys. Belt tension is maintained by the weight of the 
barrel and contents (less flotation lift) so that the barrel 
is given a floating ride. Drive motor can be mounted on the 
hanger superstructure. 

The barrel is designed for total submersion during the 
plating process, increasing plating speeds. Double flexible 
dangler contacts carry current into cylinder through both 
ends to provide greater plating capacity. Cylinder hangers 
are electrically insulated from contacts and hanger pins. 
The cylinder is bussed to carry 1000 amp. 

The cylinder is available in Plexiglas, Melamine and 
Temprom. Plexiglas cylinders are molded in one piece and 
are ribless in construction. Inside tumbling surfaces are 
convex to strengthen cylinder and facilitate the tumbling 
action. Melamine and Tempron cylinders are of conventional 
rib-type construction. O0o0Oo 





Barrel plating unit driven by cogged V-belt. 
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NEW CSS —= Paci 


Air control wvalive 


WHITE STAR 


GOLD STAR 
SPOOL SOLENOID OIL-IMMERSED SOLENOID 


BLUE STAR MV 


Series 


BLUE STAR TD BLUE STAR WV 


Mimatch any head to 
any valve body! 


3 WAY 
NORMALLY 
CLOSED 


3 WAY 
NORMALLY 
OPEN 


STRAIGHTWAY 
NORMALLY 
OPEN 


STRAIGHTWAY 
NORMALLY 
CLOSED 


Tests indicate a trouble-free life of over 
25 million cycles for valves with the spool 
solenoid pilot section, and more than 40 
million for all other Starline valves shown. 


3 WAY 


3 WAY 
NORMALLY NORMALLY 


Heads and bodies are completely and 
instantly interchangeable. Sizes from 14” 
to 114”. Even more Starline models com- 


ing later. Write for Starline data file. 


A Galaxy of New Air-Control Stars Are Coming Your Way From 


OSS OPERATING VALVE COMPANY 


133 EAST GOLDEN GATE AVENUE . 


DETROIT 3, MICHIGAN 
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New Components 
and Materials 


A staff compilation of the latest developments . . 
use in electrically operated end product 


specifications and available application data. 


. screened for design-in 
. . complete with all released 





SYNCHRONOUS CONTACTOR FOR SHAFT SYNCHRONIZATION AND CONTROL SERVICE 


Rugged synchronous switch, Model 3 
Rototimer, can be used for such appli- 
cations as punch-press control, mag- 
netic counter actuation, shaft synchro- 
nization, and register control. It is used 
primarily in applications where the 
operating point is carefully set and in- 
frequently changed. The operating point 
of the switch is adjustable in 5 deg ste 
of the switch is adjustable in 5 deg steps 
is made by means of an eccentric screw 
that opens or closes the gap between 
the standard automotive distributor 





points, contacts rated 1 amp noninduc- 
tive at 125 volts a-c. 

Four types of interchangeable cams 
are available to vary switching func- 
tions. 

Overall size of Model 3 is 4-175 in. 
long, 3-1 in. diam, and 3-% ¢ in. high. 
Coupling to controlled equipment is 
made with a ¥% in. diam shaft having 
a 1% in. keyway. Farmer Electric Prod- 
ucts Co., Inc., 2300 Washington St., 
Newton Lower Falls, Mass. 


Circle No. 1. Reader Inquiry Service Cards 
preceding back cover 


ELECTRONIC ADJUSTABLE SPEED DRIVES UTILIZES MOTOR AS TACHOMETR 


Using the driving motor’s counter-emf 
for speed control, electronic adjustable 
speed d-c drive is designed for closer 
speed regulation and minimum space 
requirements. Available in sizes, 
which start at 34 hp and go through 3 
hp, they provide electronic control of 
d-c motors from a-c power. Each pro- 
vides a wide, smooth, stepless, adjust- 
able speed range. Any speed from 35 
to 1750 rpm can be obtained. 


five 


Motor speed will not vary more than 
‘4 of 1 per cent of full speed at any 
setting, when the load is varied from 
no-load to full load, using a standard 
240-volt shunt wound d-c motor. The 
compact drives require no tachometer; 
the drive motor is also used as a tacho- 
meter. 
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Eliminating the tachometer effects a 
number of savings. It reduces the size 
of the cabinet area normally required 
for a tachometer and its gearing. The 
size of the drive motor may also be re: 
duced. A standard motor with a single- 
shaft extention can be used. 


The drives are available as complete 
packages, consisting of an anode trans- 
former, a brain-and-power panel, a con- 





trol station, and a d-c shunt wound drive 
motor. The “package” is available with- 
out the d-c shunt wound motor. (If fur- 
nished without the motor, a speed regu- 
lation of 2144 per cent rather 1% or | 
per cent, can normally be expected. ) 

The anode transformer normally sup- 
plied has dual primary windings which 
adapt the drive to either 220 or 440- 
volt, single-phase, 50 or 60-cycle power. 
The brain-and-power panel provides for 
the electronic use of the counter-emf of 
the drive motor as a speed control sig- 
nal, and the delivery of full-wave recti- 
fied power to the motor, to maintain 
constant motor speed regardless of or- 
dinary load changes. 

Control station contains a single-dial 
speed adjustment knob and the push- 
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Which P&B relay would you specify for 
THIS HIGH STARTING TORQUE MOTOR? 


= 
























ENGINEERING DATA 


SERIES: MP.. Small general purpose 
power relay. 
CONTACTS: %” fine silver rated 25 
amp., 115 V. AC non-inductive load, 
AB SERIES or 2 HP, 115 V, AC. 
CONTACT ARRANGEMENTS: SPST 
Radial Saws by DeWalt, Inc. are used in thousands of home workshops, in lumber yards ee 
y ’ . Ps, y ’ VOLTAGE RANGE: DC: Up to 


carpenter shops and industry. The electric motors that operate these saws are a heavy duty, 220 V. AC: Up to 230 V. 









MP SERIES MS SERIES 


single phase, AC, modern capacitor, voltage relay type. They have a high starting torque COIL RESISTANCE: 15,000 ohm 
in order to quickly achieve operating speed, even when heavy line loads give lower voltage vempeneaune Gatti) OC, —35° 
than normal. To avoid arcing and burning during initial current surge, DeWalt needed a C.to + 85°C. AC:—55°C. to + 55°C. 
positive, fast acting relay that would remain in contact until operating speed was reached. TERMINALS: Standard pierced 

Their choice? P&B MP series relays! These sturdy relays not only save arcing and burn- saan taal 
ing during initial current surge, but are compact, rugged and dependable. Their versatility ENCLOSURES: Dust cover, 2-59/64” 
permits use with any capacitor type motor up to 2 horsepower, They can be furnished with araees _— | lt none 
an alnico magnet if whole snap action is needed. as above. 

This ready solution to DeWalt’s relay problem is an example of how P&B relay engineer- ee 2%" L. x 
ing is daily adapting existing relay types to specific needs. P&B’s unique 25 years of relay This aia enanaitd dees 0 
engineering experience provides an immense reservoir of skill, information and technical minimum of 300,000 operations be- 
ability that can help solve your relay problems faster and more efficiently. fore weer wi werent roadjesiment. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, ELECTRICAL, AND REFRIGERATOR DISTRIBUTORS 


See our catalog in Sweet's Product Design File 
% “ 
Potter & Buundield, UC, princeton, INDIANA 


Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY + Manufacturing Divisions also in Franklin, Ky. and Laconia, N. H. 
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complete 
calibration 
with one 
multi-range 
instrument 


a) pre as ae 


FAST ACCURATE CALIBRATION 


Now possible with one completely self- 
contained AC-DC calibration standard requir- 
ing a minimum of operator training and pre- 
vious instrument calibration experience. 


Compact Light Weight 
VModel &29 


INSTRUMENT 


CALIBRATION 
STANDARD 





QUICK CONVENIENT TESTING 
Portable AC-DC unit contains all power sup- 
plies and standards in one single cabinet. 
Operates without batteries or accessories. 


Precise, practically error-proof check- 





buttons for the operator. Only this sta- 
tion and d-c shunt wound drive motor 
need to be placed at the machine. The 
d-c motor is a standard 240-volt, shunt 
wound type. All controls meet the JIC- 
NEMA-XII specifications. 

Dynamic braking, quick slowdown, 
current limiting, jogging, reversing, 
and the tandem operation of several 
motors from a common power panel 
and control station can be provided as 
optional features. Weltronic Co., 19500 
West Eight Mile Rd., Detroit 19, Mich. 


Circle No. 2, Reader Inquiry Service Cards 
preceding back cover 


ENCLOSED LIMIT SWITCH 
FOR CONTROL, LIMIT, AND 
SAFETY SERVICE 


Versatility of enclosed precision limit 
switch stems from interchangeability 
of its components (three actuators and 
three housings), which are capable of 
forming sixteen types of switches. 

Die-cast aluminum housings provide 
a rugged enclosure, adequate wiring 
space, and a 1% in.-14 internal tap con- 
duit hub. Actuators include a plunger, 
roller arm and roller-plunger types. 
Easy installation is accomplished with 
No. 10 through bolts or with an alter- 
nate bottom-mounting plate supplied 
with every switch. 

Roller-arm actuator has a micrometer 
screw adjustment which moves the arm 
through a wide arc in setting the trip 


safety factors require an enclosed or 
sealed switch. Licon (R) Switch and 
Control Div., Illinois Tool Works, 2501 
N. Keeler Ave., Chicago 39, Ill. 


Circle No. 3, Reader Inquiry Service Cards 
preceding back cover 


MIDGET ENCAPSULATED 
WIREWOUND RESISTOR 


Having a 345 in. diam x %¢ in. length, 
encapsulated wirewound resistor is 
available in the resistance range of 0.1 
ohm to 25 kilohms. Standard tolerance 
is + 1 per cent, (with tolerances as low 





as 0.1 per cent available on special or- 
der). Wattage rating is 49 watt full 
load at 85 C. Resistor meets the en- 
vironmental conditions of MIL R 93A. 
General Resistance, Inc., Dept. 3, 577 
East 156th St., New York 55, N. Y. 


Circle No. 4, Reader Inquiry Service Cards 
preceding back cover 


HIGH-SPEED RELAYS OPERATE 
AS FAST AS 2 MILLISEC 


High-speed relay, operating as fast as 
2 millisec is designed for d-c applica- 
tions. Designated Type 120, it is avail- 
able in the following models: hermeti- 
cally sealed, with dust cover, or open 


ing of most types of electrical indicating | 
instruments in daily use is a routine con- | 
venience for Model 829 users. Maintenance 
of quality control by frequent calibration | 


with contact combinations from SPST 


to TPDT. 


Relay is also available for a-c opera- 





of instruments and allied test equipment 


can be accomplished within departments | 
by available personnel. A mechanical index | 


explains step-by-step test procedure. 


+) WESTON Special Meters 


used as standards have 
5-inch mirror precision 
scales, knife edge pointers 
and are adjusted to better 
than 0.2% accuracy 





Calibration to full scale accuracy of 
0.5% can be accomplished for all instru- 
ments measuring d-c voltage (22 ranges) 
from 0.25 mv to 2000 volts, d-c current (22 


ranges) from 2 ya to 20 amperes, a-c volt- | 


age (19 ranges) from 1.5 mv to 1500 volts, 
and a-c current (14 ranges) from 1.5 ma 


to 20 amperes. Net price $2650. f.o.b | 


Boonton, New Jersey. 


Write for Technical and Application Data. 


OMA 


LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 
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point. When the switch trips, a slight 
additional turn is given to allow for 
overtravel; then the locknut is tight- 
ened. 

The plunger actuator type switch has 
a 0.002 movement differential and a 
14-in. overtravel. 

Type 30 sealed enclosed limit switch 
is oil-, dust- and water-tight. The spe- 
cial “serpentine” snap-action gives more 
than 10,000,000 actuations under severe 
operating conditions. Since the switches 
have no pivot points, they have no dead 
center, no flickering. 

In addition to use in machine tools, 
appliances, vending machines, aircraft 
and other equipment, Type 30 enclosed 
limit switches are useful wherever 


tions by using selenium rectifiers or 
diodes. Type 120 incorporates a wiping 
action that eliminates bounce and chat- 
ter at normal operating voltages. Power 
requirement: from 0.25 to 2.5 watts, de- 
pending on speed requirements. Coil 
resistance: from 0.01 to 30,000 ohms. 
Special windings up to 100,000 ohms. 

Contact capacity is 1 amp, inductive, 
or 3 amp resistive at 115 volts a-c or 29 
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SUPRAMICA* 555 


ceramoplastic insulation 





increases stability 
of new 


AVCO 


STABLE OSCILLATOR 





SIMCE 1919 


PALES) SUpRAMIo® 


<feamopiast’< 


MYCALEX 


CORPORATION OF AMERICA 


GENERAL OFFICES AND PLANT: EXECUTIVE OFFICES: | SALES OFFICES: 

CLIFTON BOULEVARD, 30 ROCKEFELLER PLAZA, | CHICAGO — DAYTON 

CLIFTON, NEW JERSEY NEW YORK 20, N. Y. LOS ANGELES — MIAMI 
WASHINGTON 


World’s largest manufacturer of glass-bonded mica and ceramoplastic products 
Visit us at Booths 42221-2223 and 4307 March |.R.E. Show 





design achievements with SUPRAMICA* ceramoplastics 
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Ceramoplastic’s dimensional stability maintains fre- 
quency under extreme conditions te +6 ke at 40 mc 
without crystals . . . doubles channel capacity. 


In one version of the Signal Corps’ New Vehicular 
Receiver R-745 ( )/VRC is an advanced tuning unit 
that eliminates the requirement for many conven- 
tional crystals and their accompanying spurious 
heterodyning problems. Designed for “automated” 
assembly by the AVCO Manufacturing Corporation, 
Crosley Division, this extremely stable tuner utilizes 
a unique continuously tunable oscillator circuit, con- 
sisting of silver ribbon, precision-molded in a base 
of SUPRAMICA 555 ceramoplastic. The total dimen- 
sional stability of the insulation reduces the re- 
ceiver’s frequency drift to only .015% (32.5 - 57.5 mc) 
over a temperature range from —55°C to +75°C. 
This, in effect, doubles the number of usable chan- 
nels on the equipment’s allotted frequency by per- 
mitting 50 ke adjacent channel operation. 


Crosley engineers conducted extensive tests before 
specifying SUPRAMICA 555 ceramoplastic and found 
that no other insulating material provided 
all the properties required: mass reproducibility with 
negligible variations, extremely low electrical loss, 
dependable high temperature operation, insignificant 
moisture absorption, high dielectric strength and 
total dimensional stability. 


This is just one of thousands of SUPRAMICA ceramo- 
plastic products, produced by MYCALEX CORPORA- 
TION OF AMERICA for leading manufacturers. The 
special formulation of SUPRAMICA . . . high quality 
electrical glass -- bonded with SYNTHAMICA; synthetic 
mica . . . can help solve many of your design prob- 
lems. Send for full technical information. 


*SUPRAMICA is a registered trade-mark of the 
MYCALEX CORPORATION OF AMERICA. 

555 and SYNTHAMICA are trade-marks of the 
SYNTHETIC MICA CORPORATION. 





188 


SPARTA 


is your best source for 


TEFLON“ 





Why? 


© Trained Fluorocarbon Engineers 
to assist you 


Patented Process (Pat. No. 
2,781,552) of Custom Molding 


¢ Precision Engineered for Quality 
Control 


Modern Manufacturing Methods 
Fast Delivery — Economical 


Because of its unusual 
characteristics and 
combination of prop- 
erties, TEFLON offers 
product improvement 
opportunities to de- 
\\ signers of electrical 
equipment never be- 
fore possible. 


Y 


When you think of 
TEFLON 
think of SPARTA! 


Not only can we fill your require- 
ments for Custom Molded Teflon in 
thin sections and shapes ... we 
carry a COMPLETE STOCK of all 
standard Teflon products. 


The first cost 
can be the 
least . . . if it 
is the last 
cost. 





*DuPont’s Tetrafluorcethylene Resin 


SUSE MUL LU ea Le 


Division of United States Ceramic Tile Co. 


a LY PHONE 4-2380 


WESTERN DISTRICT OFFICE 
Phone: ANGELUS 3-6359 Los Angeles, California 
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volts d-c. (Contacts rated up to 10 amp 
inductive are available in Type 140.) 
Drop-out can be generally adjusted as 
high as 85 per cent of pick-up. 

Armature is designed with friction- 
free movement. No hinge pins are used. 
Nonferrous metals and hydrogen an- 
nealing of magnetic components elimi- 
nate the iron-aging and residual mag- 
netism. 

Headers available with plug-in, 
solder lugs, or other types to specifica- 
tion. Available in either round or square 
cans. Round can 114 in. x 314 in. high 
above mounting line. General Auto- 
matic Corp., 12 Carlton Ave., Mountain 
View, N. J. 

Circle No. 5, Reader Inquiry Service Cards 
preceding back cover 


ELECTRONIC “READ-OUT” 
TUBE 


Mass-produced all-electronic “read- 
out” tube, the NIXIE, is described as 
a small, low-cost electron device that 
converts electronic signals directly to 
readable characters. It contains all the 
numeric digits, any one of which can 





be selected and displayed in a common 
viewing area. It can be triggered by 
Beam-Switching tubes or any suitable 
voltage source requiring approximately 
14 watt. 

Applications: computer read-out, in- 
dustrial control, electronic instrumenta- 
tion, military electronic control, and 
channel selectors. 

Unusually good readability is said to 
result from design features which pro- 
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vide a wide viewing angle and sharply 
defined digit contours. Other advan- 
tages: compactness, and a rugged con- 
struction capable of meeting military 
requirements for shock, vibration, and 
temperature. Electronic Tube Div., Bur- 
roughs Corp., Plainfield, N. J. 


Circle No. 6, Reader Inquiry Service Cards 
preceding back cover 


HERMETIC MOTORIZED TIME- 
DELAY SWITCH PERMITS 
VARIETY OF FUNCTIONS 


Miniature motorized time-delay switch, 
accommodating up to 5. single-pole, 
double-throw switching functions, has a 
timing accuracy of +5 per cent of a 
total timing cycle under all conditions. 
Switch is said to meet environmental 
requirements of MIL-E-5272 and radio 
noise per MIL-I-6181B if desired. Size: 
2-% 4 in. diam x 4-34, in. long on the 





largest units. Normal delays are from 
15 to 30 sec with instantaneous reset 
when power is removed. 

Unit is hermetically sealed; wires are 
soldered to terminals extending through 
a glass back plate. The time-delay 
switches operate on a range of d-c volt- 
ages from 6 to 50. Power input is 15 
watts for the motor; 7 watts for the 
clutch. 

At the end of the timing cycle the 
motor stops automatically, with switch 
position maintained by a clutch. Power 
interruptions during or after a timing 
cycle will result in automatic reset. 
Globe Industries, Inc., 1784 Stanley 
Ave., Dayton 4, Ohio. 


Circle No. 7, Reader Inquiry Service Cards 
preceding back cover 


ELECTRICAL GRADE PHE- 
NOLIC MOLDING COMPOUND 


Ammonia-free phenolic molding com- 
pound, 18441, is useful where electrical 
grade, general-purpose material is re- 
quired to minimize corrosion of elec- 
trical contacts and metal inserts. 
Durez 18441 is a single-stage, wood- 
flour-filled phenolic compound with a 
very fast rate of cure. It is said to have 
excellent insulation resistance—well 
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’ See ' 
World’s largest manufacturer of glass-bonded mica and ceramoplastic products 
Visit us at Booths 42221-2223 and 4307 March I.R.E. Show 


Why use a $1425 crate 
where a $229 skid will do? Ship United! 








By taking full advantage of United Air Freight 
economies, you save on shipping charges. 

For example: Skid and a crate for this 300-Ib. 
electric motor would cost $14.25. Shipped by 
expedited surface carrier from New York to 
San Francisco, total cost is $83.49. Shipping 
time: 4 to 6 days. 


By United Air Freight, the same motor re- 


Examples of United’s low Air Freight rates 


per 100 pounds* 


CHICAGO toCLEVELAND ........ $4.78 
DENVER toOMAHA ........... $6.42 
NEW YORK to CHICAGO. ....... . $7.50 
SEATTLE to LOS ANGELES . -« $12.02 
PHILADELPHIA to PORTLAND . . . . $24.15 
SAN FRANCISCO to BOSTON. ...... $27.00 


*These are the rates for most commodities. They are often lower for 
larger shipments. Rates shown are for information only, are subject to 


change, and do not include the 3% federal tax on domestic shipments. 


quires skid only ($2.50). Total cost of ship- 
ment is $82.30. Shipping time: 24 to 36 hours. 


And consider these advantages—DC-7 Main- 
liner flights and 30,000-Ib.-capacity DC-6A 
Cargoliners coast to coast, Reserved Air Freight 
(guarantees the space you need on the flight 
you want), single simplified airbill, other mi 
United “firsts.” 


Vancouver. B. C. 














Los Angeles 


San Siege 


Door-to-door service 


SHIP FAST...SHIP SURE...SHIP UNITED 


For service, information, or free Air Freight booklet, call the nearest United Air Lines Representative 
or write Cargo Sales Division, United Air Lines, 36 South Wabash Avenue, Chicago 3, Illinois. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 191 
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above average for most general-purpose 
types. Characterized by good finish and 
low gravity, 18441 is especially suitable 
for use by compression plunger or 
transfer molding methods. This new 
ammonia-free phenolic compound is 
applicable for production of parts re- 
quiring fast molding cycles and econ- 
omy on automatic machines. Hooker 
Electrochemical Co., Box 344, Niagara 
Falls, N. Y. 


Circle No. 8, Reader Inquiry Service Cards 
preceding back cover 









Heyco Nylon 


STRAIN 
RELIEF 
BUSHINGS 


Insulate and anchor the 
power supply cord to 
your housing... 







POWER-TYPE ELECTRO- 
MAGNETIC SWITCH HAS 
RELAY-SOLENOID 
CHARACTERISTICS 


Designed primarily for heavy-duty 
motor and heater loads, Powerloid is 
a power-type electromagnetic switch, 
which has been tested for 230 volt a-c 
motor loads up to 3 hp and for heater 
units up to 8400 watts. 

Ruggedly built and totally enclosed, 
the unit can be used in washing ma- 
| chines, high-speed dryers, air condi- 
| tioning ad refrigeration equipment, 


no need for grommets, 
wire knots or costly 








ABSORBS PUSH 


ABSORBS PULL 








J e: : 
ABSORBS TWIST 


Send for samples to fit your wire, today! 





HEYMAN 
MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 


HEY MAN! 
..- SAY HEYMAN 








built-in and electronic ovens, magneto 
| starters, battery chargers and heater 
|controls, among others. An extremely 
wide range of contact combinations is 
available. 

Contact terminals are 8-32 in. x 4 
in. screw type; spade terminals are 
0.032 in. x 0.250 in. tabs designed for 
AMP female receptacles. Assigned con- 
tact ratings: 3 hp UL motor load at 
230 volts, 60 cycles, 6000 watt resistive 
|load; 500 watt tungsten lamp load. 
Coils are standard voltages up to 230 
volts a-c, 60 cycles and up to 110 volts 
'd-c. Guardian Electric Mfg. Co., 1621 
|W. Walnut St., Chicago 12, Ill. 


Circle No. 9, Reader Inquiry Service Cards 
| preceding back cover 





DEEP ‘SCOPE MODULAR 
ENCLOSURE 


Deep oscilloscope modular enclosure is 
designed to accommodate many of the 
larger oscilloscopes now available. The 
assembly consists of two new major 
parts; main element is a standard Amco 
frame (F31), with the second being a 
turret (FT21) with a panel opening 


(6 Cw “AY “—T)’? 
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21 in. high and a slope of 20 deg. The 
complete enclosure measures 40 in 
high with a minimum depth of 25 in. at 
the top, and a maximum depth of 32 in. 
at the bottom of the face. Maximum 
chassis clearance: 1734 in. Amco En- 
gineering Co., 7333 W. Ainslie St., 
Chicago 31, II. 


Circle No. 10, Reader Inquiry Service Cards 
preceding back cover 


MINIATURIZED SPHERE 
RESOLVER FOR COMPUTER 
SERVICE 


Miniaturized precision mechanical bal] 
resolver for analog computation appli- 
cations has a _ 0.1248-in.-diam-input 
shaft that may be driven up to 100 rpm, 
and requires less than 5 in.-oz at 25 deg 
for an output of 1 to 2 in.-oz at the 





0.187-in.-diam sine and cosine output 
shafts. The 0.500-in. orientation shaft 
is concentric with the input and estab- 
lishes the output relation with an ac- 
curacy of +0.5 per cent over a 360-deg 
range. 

The component has the form of a 
block 114 in. sq and 21% in. long, weigh- 
ing less than 34 lb. Output shafts on 
the standard unit extend % in. from 
adjacent faces, each of which has pre- 
cision mounting provisions. The ori- 
entation input protrudes 54 in. beyond 
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the end mounting surtace. while the 
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OUR DEGREE. ¢ 8. 


(Specialists, Cable Design) 





ENGINEERED 
_ WIRE and CABLE 
Bah ei i a 


ee 


— 


You tell us WHAT... 
we'll show you HOW! 


Here at Plastoid you will 
find the qualifications, 
equipment and engi- 
neering know-how 
requisite to the produc- 
tion of faultless, high- 
quality, multi-conductor 
wire and cable to meet the most 
exacting specifications. Our engi- 
neers will convert your “brain-child” 
to practical realization. 





Meet our engineers 


during the 


IRE CONVENTION 


at our hospitality suite 
in the Park Sheraton Hotel. 
They'll be glad to discuss 


Whether the application be 
industrial, electronic, aeronautical, 
marine, communication, public 


your problems. on . 
utility or atomic energy... 


SPECIFY FOR SURE PERFORMANCE. 


PLASTQWD 


Plant: HAMBURG, N. J. © Offices: 42-61 24th Street, Long Island City 1, New York 
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the end mounting surtace, while the 
rotational input shaft extends another 
54 of an inch. Full material certifica- 
tion is available for military applica- 
tions. Vectron, Inc., 1592 Trapelo Rd., 
Waltham 54, Mass. 


Circle No. 11, Reader Inquiry Service Cards 
preceding back cover 


GEARMOTOR WITH RATINGS 
FROM 2 TO 15 HP 


Feature of the Ritespeed gearmotor is 
the simplicity with which the cartridge 
assembly and electric motor can be re- 
moved from the gearcase without touch- 
ing the base of the unit. All integral 





sizes have totally enclosed, fan-cooled 
motors, NEMA standard “D” flange, 
at no extra cost. Motors are now avail- 
able from stock in all speeds from 14 
to 15 hp. Sizes from 20 to 75 hp can be 
supplied on a made-to-order basis. The 
Rockwood Pulley Mfe. Co., 20 Crosby 
St.. New York 13, N.Y. 


Circle No. 12, Reader Inquiry Service Cards 
preceding back cover 


SUBMINIATURE “PREMIUM” 
SHARP-CUTOFF PENTODE 


Intended for military and critical in- 
dustrial applications. including gated- 
amplifier, delay, and mixer circuits at 
frequencies up to 400 me. as well as 
gain-controlled amplifier circuits, new 





sharp-cutoff pentode operates up to 
60.000 ft without pressurized equipment. 

The 5636, a “premium” subminiature 
type, features two separate control grids 
each having a sharp-cutoff characteris- 
tic. It has a unipotential cathode and 
utilizes flexible leads. The cathode is 
provided with two lead terminals to 
facilitate isolation of the input and the 
output circuits. 

Design incorporates a compact struc- 


| ture in which special attention has been 
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| given to features enabling it to resist 


shock and vibration. 


















GENERAL ELECTRIC 
HIGH-CURRENT 

SILICON RECTIFIERS... 
NOW IN STACKS 


i 
















Permits new highs in 
rectification efficiency 
with reduced 
space-weight-cost 
requirements zs 


These new high-current rectifier stacks supply 


exceptionally long service without attention or TYPICAL APPLICATION...GENERAL ELECTRIC 
maintenance. There are no moving parts, liq- 4JA6011 SILICON HIGH-CURRENT RECTIFIER STACK 
uids, vapors, or sensitive electrodes involved. aig Sige dis ox tcnciameemman 
And the fin design provides adequate cooling in DC OUTPUT 280 volts, 250 amperes, 70 kilowatts. 
many applications without forced air. RECTIFIER LOSSES © Approximately one percent (% kw). 
Ss “ COOLING REQUIRED 35°C Free air. Forced air may be used 
The rectifying units proper are the famous for additional current if desired. 
4JA60 Silicon high-current rectifiers produced VOLUME Total volume of assembly—less than % 


cubic foot. 


by the General Electric alloy technique. Her- 
metically sealed in rugged metal housings, they 
are protected against damage from moisture, Your General Electric representative will be glad 
dust, fumes and corrosion. to supply full data. Or, write to General Electric 
Company, Semiconductor Products, Section 
S2087, Electronics Park, Syracuse, New York. 





Silicon high-current stacks are now available, 
completely assembled to meet your c’ -uit re- 


quirements in stacks containing up to twelve Diicsmess ti tiie Alia) hinnartans Piast 
rectifying elements. These compact, easily in- 8! ” f 


stalled stacks may be the answer to your present G ENERAL & F LE C TRI C 


design problems of big capacity in small space. 
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given to features enabling it to resist 
shock and vibration. 

As a result of its structural design, 
the 5636 is characterized by small 
spread in electrical characteristics, re- 
duced microphonic effects, and long life 
under conditions of frequent on-off 
switching. Radio Corporation of Amer- 
ica, Tube Div., Harrison, N. J. 


Circle No, 13, Reader Inquiry Service Cards 
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FEATURE MODULAR 
CONSTRUCTION 


Designed for longer life, Starline series 
of air control valves provide modular 
construction for flexibility in applica- 
tions. 

The valve series introduces five new 
pilot heads which are interchangeable 
on seven valve bodies, providing 35 


PRODUCE YOUR 
D-H 
AGED ASSEMB}k 





Cans 


@ SAVE COSTS... 


Industrial Engineering experts, 
having the depth of 
experience from many 

similar jobs, can apply tried 
methods to gain the lowest 
possible production cost. 





PLUGGABLE UNIT 


Nf 


COMPONENT PACKAGES CAGE ASSEMBLIES 


 —- i‘ 


BAIL PLUGGABLE UNITS 


@ INTEGRATED FACILITIES... 


Ready access is available 
to other ERIE divisions for 
electronic components, 
molded plastic parts, metal 
stampings, embossed 
wiring boards. 


@ TRAINED PRODUCTION PERSONNEL... 


Trained production personnel 
is available immediately 
without the burden of training 
costs. 









@ WELCOME CONSULTATION ... 


Contact ERIE representative | ; en ; 
for possible economies to be major model combinations. Available 


a pipe size increases the variety of com- 
a through use of our binations to 210 models. 
aci1iities, 


The White Star valve is composed of 
a spool-solenoid pilot head and any one 
of the seven valve bodies. Tests indicate 
a normal life of more than 20 million 





WIRING HARNESS and CABLE ASSEMBLIES 


Write for complete information about our facilities and 
Engineering Bulletin 453 describing typical ERIE assemblies. 





cycles. 
ERIE ast ee ae Ve VaR Ube The Gold Star valve consists of one 
Po Pom of the seven valve bodies operated . by 
ee . ; tia. a newly developed, large capacity, pilot 
GY7 YO uaMueLE Bibi : : 
ate ERIE, PA. » LONDON, ENGLAND « TRENTON, ONTARIO section actuated by the new long-life, 





oil-immersed solenoid. Built to JIC 
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ee een standards, it has a tested life of more 
| than 40 million cycles. 





Count on CONTINENTAL for the 


new cost-saving ideas 
in fastener design and application 














Ho tiTeE® Ny ox Screws and Bolts are one of the many progres- 
sive ideas in fasteners pioneered by Continental. These one-piece, 
self-locking fasteners with the Nylon insert eliminate the need for 
lock washers, jam nuts, wiring, and similar devices. If you have 
fastening problems (like the applications below), for which Nylok 
is the practical solution, you can start now to save assembly dollars, 
and give your product a definite competitive advantage. 







PROVIDES SAFETY IN AUTO 
DOOR STRIKER PLATE 














BEATS VIBRATION IN 
COMPRESSOR MOTOR 


Phillips flat- 
head steel 
machine screw 
with Nylok insert. Keeps 
doors closed in event of 
collision, resists vibration. 














Hex-head, 
Pin. steel cap screw with 
Nylok insert. Suggests many 
similar applications in 
motor driven units. 











Screws 


PREVENTS SCREW “SHEDDING” HOLDS ADJUSTMENT 
IN POWER MOWER IN CARBURETOR 


Hex-head, 

alloy steel 
cap screw Ns ‘ Socket head, 
with Nylok ‘ alloy steel, cone 
insert. Holds ‘cs pointed set 
wheel to drive shaft. . screw. Resists 
Stops screw loss, vibration, heat, and 
customer complaints. effects of fuel contact. 


eV 
Zo 


HERE’S WHY HOLTITE 
CHECK YOUR ASSEMBLIES Find out where Continental cost- NYLOK® LOCKS SECURELY 


Resilient nylon plug (A) sets up a lat- 





saving ideas, like Nylok, can cut your assembly costs. Continental eral threst, emecthly wedges mating 
Assembly Specialists are fully qualified to analyze your operations threads together (B). All locking 
and advise which fasteners — standard or special — can save you action is on threads heed ts act 


stressed. Locking is positive . . 


most. For prompt service, write or phone: Continental Screw Co., suanell en tiadeanaih 


455 Mt. Pleasant St., New Bedford, Mass. 


CONTINENTAL 


SCREW COMPANY, NEW BEDFORD, MASS. 


HOLTITE FASTENERS 


PHILLIPS AND SLOTTED HEAD TAPPING SCREWS, 
WOOD SCREWS, MACHINE SCREWS, SEMS, BOLTS, NUTS 
STANDARD OR SPECIAL... FOR ANY ASSEMBLY 


One piece — no separate parts 
Can be removed and replaced 





Interchangeable — reusable 
Locks seated or unseated 
Acts as seal for gases, liquids 


UI 
ont» 7 
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standards, it has a tested life of more 
than 40 million cycles. 

The Blue Star group includes remote 

piloted, pressure-operated valves. The 
MV master valve gives immediate ac- 
tuation and immediate reversal. The 
TD sequence valve is timed-in and the 
WV is timed-out. These heads are also 
| interchangeable. 
The seven valve bodies include: 
| straight way, normally open and _nor- 
| mally closed; three way, open and 
closed; all in the in-line series; and 
three way, normally open and normally 
closed; and four way; all in the base- 
mounted series. 

Valves are built of corrosion-resistant 
materials. Poppets have been improved, 
as well, to provide positive seal, self- 
alignment, and fast operation. Ross 
Operating Valve Co., 120 E. Golden 
Gate Ave., Detroit 3, Mich. 
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We'll Build 
a MOTOR 
fo your 


THERMAL TIME DELAY 


specifications | 
at ; RELAY WITH A “MEMORY” 
i A bistable time delay relay with single- 
HM ‘ pole, double-throw snap-action contacts. 
; ; the “thermal memory” relay is ther- 
a " : 


mally operated, having two separate 
F heater circuits. Each heater serves to 
a- 7 
: : transfer a movable arm from one con- 


tact to the other. The relay being bis- 
table remains in either of the two con- 


Put the Scruggs reputation 
for ingenuity and skill to 
your test. Send us your 
specifications and we'll 
design a custom motor to fit 
your needs at a standard price. 


For more than twenty years 
Scruggs has concentrated on 
the development of precision 
instruments to fit the specific 
needs of manufacturers. 
High production 

standards allow us to 
produce them at 

standard costs. 


You’ll find Scruggs 
motors outstanding in 
cohstruction and lasting 
qualities. Let us “‘tailor 
make”’ a motor to fit 
your needs... write 
Loyd Scruggs Co., Festus, Mo. 


aa iconiliiiaea e 


FESTUS, 





tact positions until operated by means 
of the appropriate heater circuit. Be- 
cause of the thermal actuating charac- 
teristics, a time delay is associated with 
each operation. 

The bimetal strips are perfectly 
matched, thereby cancelling the effect 
of ambient temperature upon relative 
deflection. This compensation insures 
consistent operation throughout the 
ambient range. 

Operating time of the unit is factory 
UN a | preset for either 20 or 30 sec on both 

You can stake your reputation on SCRUGGS MOTORS | transfers. Relays are temperature-com- 
pensated from —55 to 100 C. They 

| have standard voltage rating of 6.3, 
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SIMPLIFY DESIGN, GAIN SUPERIOR STRENGTH! 


Specify Hunter Douglas Aluminum Impacts 


Hunter Douglas Aluminum Impacts are 
solving a lot of important design prob- 
lems in all types of industry. Here are 
quick answers to everyday questions. 


HOW DO IMPACTS DIFFER FROM COLD 
FORGINGS? Basically, only in material 
used. “IMPACT EXTRUSIONS” are 
thin walled components extruded from 
2S or soft material. “COLD FORG- 
INGS” are thick walled shapes made 
from heat treatable aluminum alloys. 
For simplicity, we'll consider both 
synonymously. 


HIGH STRENGTH— You will find all the 
properties of forged structures in im- 
pacts—exceedingly dense, fine grain, 
strength and toughness with unusual 
freedom from porosity and internal 
flaws...a natural for high pressure 
applications, either gas or liquid. In 
impact extrusions, flow lines actually 
follow part contours, adding extra 
strength. Often strength is satisfactory 
as extruded, without subsequent heat 
treatment. Our new alloy, HDX, gives 
tensiles as high as 85,000 psi with min- 
imum yield strength of 80,000 psi for 
highly stressed applications. 


GREATER SIMPLICITY—Complicated mul- 
tiple piece assemblies can often be re- 
placed with a single impact. An integral 


impact eliminates mechanical and/or 
welded joints and results in a smooth 
surface, unbroken by seams. 


MORE DESIGN FLEXIBILITY— Generally, we 
can put extra metal where it’s needed 
or thin up sections where required... 
like making bottoms of cans thicker 
than walls, adding integrally forged 
cavities or bosses of any shape, internal 
or external. Fluted or ribbed sidewalls, 
either decorative or functional, are 
easily produced by impact extrusions. 


TOLERANCES—Hunter Douglas shines on 
accuracy...holds tolerances as close as 
+.005” on specific diameters and 
matches screw machine tolerances on 
wall thicknesses. 


ZERO DRAFT—If you want straight, uni- 
formly thick sidewalls, Hunter Douglas 
Impacts are for you. Zero draft cuts all 
unnecessary machining and reduces 
metal waste. Impacts usually require 
only trimming, drilling, tapping or 
minor clean-up. 


SMOOTH, BRIGHT SURFACES—There’s no 
scale or rust and surfaces range up to 
125 microinches, as extruded... plenty 


Hunter Douglas 


smooth for lithographing or painting 
without secondary finishing. Real daz- 
zlers result by polishing, satin finishing 
or anodizing. For extra wear or corro- 
sion resistance anodizing is the answer. 


UNLIMITED PART GEOMETRY—We' ve made 
impacts round, square, rectangular, tri- 
angular, octagonal and most other 
shapes. We do best if parts are sym- 
metrical along the center axis, but good 
tooling often solves even a tough de- 
sign problem. A sketch will enable us 
to advise or suggest means to an end. 


WHERE TO USE IMPACTS— Here are rule- 
of-thumb considerations: hollow parts 
with one closed end; walls or surfaces 
of zero draft; lengths of 6 to 8 times 
O.D.; strength of hammered or pressed 
forgings; integral ribs, bosses or webs; 
tolerances of +.005”; typical surface 
finishes of 125 microinches; concentric, 
multiple diameters. 


WE'D LIKE TO HELP— 
Our booklet gives valuable 
impact and cold forging in- 
formation and our engineers 
are eager to advise. Simply 
write on your letterhead 
we'll do the rest. 





Aluminum Corporation 


HUNTER DOUGLAS ALUMINUM CORPORATION «+ DEPT. EM-3, RIVERSIDE, CALIFORNIA + TELEPHONE OVerland 3-3030 
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Now = weld these critical metals at production rates 








“7ée TIMER RELAY 


that handles all controlled 
timing problems... 


This steel clad, factory set, tamp- 
er proof Durakool timer-relay is 
practically non-breakable. Oper- 
ating life multiplied 5 to 6 times 
by new plunger construction fea- 
tures. Combinations of operate- 
release time delays from 0.15 
sec. to 20 sec.—either normally 
open or normally closed action. 


Durakool 


STEEL MERCURY TIMERS 


*% No false contacts 
% Non sticking 
% Practically “fail safe" 
% Low cost timer 


See telephone directory for 
local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


Better Coils begin with 














COIL | 
ENERGIZED 


COIL 
ENERGIZED 





PARAFORMED PAPER TUBES 


@ No sharp outside edges to cut wire 

@ No need for wedges to tighten wire 

@ Permits winding coils to closer tolerances 
@ Allows faster stacking of wound coils 

e 


Has full rigidity and physical strength 
ANY SIZE—SQUARE OR RECTANGULAR 


PARAFORMED paper tubes simplify coil wind- 
ing operations and speed production, yet cost no 


more. In the exclusive PARAFORM method of 
tube making, no artificial heat or pressure is used 
— Paraforming takes place at the time of spiral 
winding. Hi-Dielectric. Hi-Strength. Kraft, Fish 
Paper, Acetate, Red Rope or any combination 
wound on automatic machines. Produced from 
k arbors or special sizes engineered for you. 

Can also be supplied in regular or with slight bow. 


PARAMOU NT PAPER TUBE CORP. 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA 
Manufacturers of Paper Tubing for the Electrical Industry Since 1931 
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SPIRAL WOUND 
Not Die Formed 


Write on company 
letterhead for 


STOCK 
ARBOR LIST 


of over 2000 sizes 


26.5, or 117 volts. Heater power: 2.7 
watts for each heater. 

The relay is claimed to have a life 
of at least 500,000 operations under 
average operating conditions. Thermal 
Devices Sales Dept., Curtiss-Wright 
Corp., Electronics Div., Carlstadt, N. J. 
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SMALL CLINCH NUT 


Now available are smaller size Gripco 
clinch nuts—#4, #6 and #8—with and 
without a locking feature. Formerly, 
the clinch nuts were made only in sizes 





from No. 10 through 5% in. All sizes 
are available in both fine and coarse 
threads. 

Dimensions of the No. 10 size and 
the 14 in. have been changed to smaller 
across flats and also smaller across 
flats clinching collars. Grip Nut Co.. 
South Whitley, Ind. 


Circle No. 16, Reader oe ped Service Cards 
preceding back cover 





INK PRINTS ON TEFLON 
INSULATION 


Line of printing inks especially devel- 
oped for permanent printing on Teflon 
insulated wires and cables, is said to 
have the same inherent characteristics 
as Teflon; once printed on Teflon in- 
sulation it will give 100 per cent ad- 
herence under severe service conditions, 





unaffected by extreme temperatures. It 
is inert to all known commercial solv- 
ents and chemicals. 

The ink can be applied with the 
same standard, engraved wheel-type 
printing equipment currently used to 
print on vinyl. However, after leaving 
the printing equipment the ink must 
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Now = weld these critical metals at production rates 
Fine silver contacts to 

Powdered molded silver contacts to 

Silver tungsten contacts to 

Copper tungsten cofftacts to 

Brass to 

Cast iron to 

Tungsten contacts to 


56S Aluminum multiple cross wire to 


8 > 
New Precision 
Magnetic Force Welder 


Many materials, previously thought unweldable, are now welded at production rates 
with quality and consistency. Costly brazing and riveting methods are completely 
eliminated! The new Precision Magnetic Force Welder is faster and more economical. 
It improves consistency, strength, finish and electrical characteristics of the bond. 
Expensive bimetals or composites are no longer needed to join electrical contacts. 
Since there is little or no expulsion, further machining is rarely needed. Costs are 
reduced up to 50%. 

The Precision Magnetic Force Welder — a new form of resistance welding — substitutes 
highly responsive magnetic force in place of hydraulic or pneumatic force. This minimizes 
electrode pick-up, gives longer electrode life and reduces need for face dressing of 
electrodes. Users report that several million welds per month have been made without 
weld failure and with minimum electrode maintenance! 

The Precision Magnetic Force Welder can be readily adapted for automatic parts 
handling, to fit in with your other manufacturing processes. Wherever required, our 
engineers will develop new and special tooling to suit your exact need — with performance 
and satisfaction guaranteed. Your nearest Precision representative will be happy to 


assist you. Write or call us for his name and address. And ask for Bulletin No. MF-100E 
PRECI S I 0 N 1] PRECISION WELDER AND 
FLEXOPRESS CORPORATION 


3520 Ibsen Ave., Cincinnati 9, Ohio * Builders of all types of Resistance Welders * Agents in Principal Cities *» Manufactured in U.S. & Canada 
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WITHOUT A TUBE 


Here's the first step toward lifetime reliability in electronic gear 
— the conversion from vacuum tubes to rugged, lightweight, small 


size Berkeley FERRISTORS’*. 


Berkeley FERRISTORS* consist of simple wire-wound coils on a 
ferro-magnetic core, encapsulated in epoxy resin. Costing less 
than comparable vacuum tubes, they offer these advantages: 

1. Continuous-duty reliability 


2. Unaffected by vibration, shock, high overloads, 
humidity changes, temperature extremes 


3. Total weight only 2 ounce; small as a cube of sugar 


FERRISTORS* are now used as oscilla- 
tors, multi-vibrators, bi-stable ele- 
ments, one-shots and various linear 
amplifiers including coincidence am- 
plifiers, balanced amplifiers and dif- 
ferential amplifiers. 


Why wait for your competitor to use 
FERRISTORS* and offer electronic 
gear with lifetime reliability? Investi- 
gate now and beat him to the punch 
— write for Data File 110, ‘Electronic 
Design with FERRISTORS*." Please 
address Dept. R3. 


Beckman’ 





Model 470 RF Power Supply has 
dual outputs to supply 1.7 mc to 
drive up to 4 ring-of-10 bi-stable 
elements and to supply 10 mc to 
power at least 10 linear ampli- 
fiers. Ideal for preliminary inves- 
tigations of circuits using the 
Berkeley FERRISTOR*. Price $95.00 
f.0.b. factory. 


Berkeley Division 
Richmond 8, California 


a division of Beckman Instruments, Inc. 
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Greatest Versatility 








be cured at a temperature of 650 F. 
Since the dwell time of the curing can 
be short, the total operation can remain 
continuous by passing the printed Tef- 
lon wire or cable through a 650 F oven 
as it comes from the printing wheels. 

Currently, the ink is available in 
quantities of 8 oz or more, in black. 
Hitemp Wires, Inc., 26 Windsor Ave., 
Mineola, N.Y. 
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CERAMIC DISK CAPACITORS 
Line of ceramic disk capacitors consists 
of five different types of capacitors: 
temperature-compensating a-c line fil- 
ter, general-purpose, general-by-pass 
and extended T.C. 

Characteristics of the capacitors in- 
clude high Q, high insulation and high 


a 


} 





stability, plus a low-power factor, low 
drift and low inductance. Electra Man- 
ufacturing Co., 4051 Broadway, Kansas 
City, Mo. 
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SECTOR POTENTIOMETERS 


Engineered for control systems and in- 
strumentation in aircraft and missile 
systems, complete line of sector poten- 
tiometers consists of precision poten- 
tiometers designed to measure angles 
from zero to a maximum of 90 deg of 





shaft rotation. Accuracy is achieved to 
0.5 per cent, and resolution to 0.10 deg. 

Instruments are of rugged, all-metal 
construction with high temperature in- 
sulation, capable of withstanding up 
to 300 F. They are particularly qualified 
for explosion-proof requirements; 


se- 
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THEACOMPLETE MACHINE TOOL RELAY 


ARROW (T) HART 


A NEWER, FINER ADVANCED-DESIGN COMPONENT THAT 
DOES MORE DIFFERENT TYPES OF JOBS ... BETTER! 





SIZES 
0 and 00- ; 
600 V AC 





PLUG-IN 
RECEPTACLE 





LATCHING 


e ATTACHMENT 


Cheek these features for 
ADAPTABILITY — 


CONTACTS QUICKLY CONVERTIBLE . . . from normally-open 
to normally-closed, no tools needed. No loose parts. Exclu- 
sive center positioning device guards against contact dam- 
age while converting. 

OPTIONAL LATCHING ATTACHMENT .. . another A-H exclu- 
sive, allows quick conversion of contactor to latching type. 
This attachment is quickly changed from latch-in to latch- 
out operation or latched-in and out. 

PLUG-IN/SCREW-TYPE TERMINALS .. . can be used for plug-in 
and screw-type as desired. 

MOST COMPLETE LINE AVAILABLE . . . Removal of Terminal 
Screws from Standard Relays converts use to plug-in re- 
lays. In 2, 3, 4, 6 or 8 poles,. . . in IMP (Interchangable 
Pole) or FMP (Fixed Pole) types. The BASIC RELAY is suit- 
able for use by itself. 


FAST, EASY INSTALLATION and 
SIMPLE MAINTENANCE — 


OPTIONAL PLUG-IN RECEPTACLE . . . minimizes down-time 
on high-output machines, since entire contactor unit can be 
replaced in minutes without — wiring. 

EXCLUSIVE FRONTAL SWING-OUT . . . permits fast, easy re- 
moval of entire coil. 

EXPOSABLE MAGNET POLE FACES .... for inspection or 
cleaning. 

SELF-CONTAINED CONTACT CAGE... with no loose springs, 
screws or other parts to get lost. 

MORE COMPACT SIZE .. . allows easy location, leaves more 
space for easier wiring. 


SEPARATE TERMINALS for CONTROL CIRCUITS AND COILS 
. . without using extra poles. 


EFFICIENT, DEPENDABLE OPERATION — 


ALL CURRENT-CARRYING PARTS SILVER PLATED .. . for 
highest capacity and minimum heating. 

FRICTION-FREE, DUST-RESISTANT OPERATING MECHANISM 

. with positive, fail-safe action. 

ABSOLUTE ALIGNMENT OF PLUG-IN PRONGS ... insured by 
combined receptacle and mounting plate. 

CONTACTS and GUIDING FRAMES . . . of special heat-tem- 
pered materials to minimize wear and assure smooth action. 


HIGH-EFFICIENCY SOLENOID MAGNET and MOLDED, LOW- 
WATTAGE COILS. 


PLEASE TURN THE PAGE FOR ADDITIONAL INFORMATION 








Greatest Versatility 
ever offered in a 
SINGLE RELAY DESIGN! 


Available 


¢ in AC and.DC types 
¢ with 2, 3, 4, 6 or 8 poles 
¢ SIZE 00 (10 Amp) or SIZE 0 (15 Amp) 


¢ IMP (Convertible and Renewable) Type 
or FMP (Fixed and Renewable) Type 


¢ with Optional Plug-In Receptacle— 
Type IMP-100 Series 
¢ with Optional Latching Attachment — 
Cat. #IMP-11 (Specify Coil Voltage) 
COMPARATIVE WIDTHS 
4-POLE and 8-POLE RELAY with OPTIONAL 







INSERTIO! 
POSITION 
EASIEST CONTACT h 


CONVERTIBILITY — 
No tools needed — No loose 
parts to get lost. 





p*— 4-POLE—> 


No Other Relay 
Offers This Versa- 
tility In 2, 3, 4, 

6 and 8 Poles 


Relay—Type IMP 
CONVERTIBLE and 
RENEWABLE 
Contacts 
Relay—Type FMP 
FIXED and RENEW- 
ABLE Contacts 


Optional Plug-in 
Receptacle 


Attachment 


No. of Poles 










ARROW-HART 
TYPE “RAD” “ 
DOOR 
DISCONNECTS 
MEET JIC 
STANDARDS 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY 


103 Hawthorn Street, Hartford 6, Connecticut 
MOTOR CONTROL DIVISION 
Please send me complete engineering data on: 


0 A-H Type “IMP” and “FMP” Contactors 
0) A-H Type “RAD” Door Disconnects 
NAME 

POSITION 

COMPANY 

CO. ADDRESS 


a STATE 








geet ume cc —— ii 


= 






PLUG-IN RECEPTACLE and LATCHING ATTACHMENT 
emia’ 


INTERCHANGEABLE MULTI-POLE RELAYS 


Size 00 


10 Amp| 15 Amp 


X 


One for both 


Optional Latching 
One for both 








ew 2 


we Receptacle adds 2%” to height and '%” to depth. 
*%* SEE TABLE Latch adds 1%” to height. 






FASTEST COIL 

ACCESSIBILITY — 
Simply remove 2 screws, swing to 
front and lift out! 


Appli- | Appli- 

cable | cable to 

in Field | Standard 
Relay 


ee 





HANDIEST LATCHING 
ATTACHMENT — 

Quickly converts any of these con- 
tactors to latching type — attach- 
ment simply converted in the field 
— latch-in, latch-out, or latched 
both ways as desired. 





the ultimate in— 


SAFETY — ALWAYS-VISIBLE CONTACTS give opera- 
tor constant visual assurance of safety. EASY-TO-SEE 
HANDLE INDICATORS clearly show “On”, “Off”, and 
“Open” positions. SAFE “OFF” FEATURE prevents open- 
ing door until handle is purposely turned to “Open” posi- 
tion. LINE COVER prevents accidental contact with live 
wires. 

MINIMUM MAINTENANCE — RUGGED, BUTT-TYPE 
SILVER CADMIUM OXIDE CONTACTS provide high- 
est possible weld resistance. CONTACTS EASILY RE- 
PLACEABLE without disturbing wiring. DISCONNECT 
HANDLE is oiltight. 


EASY INSTALLATION — Both 30 and 60 amp sizes have 
identical mounting dimensions, making standardization 
easy. Mounting requires only 3 small holes and 2 screws. 
Easy-locating feature for hole location. Three adjustable 
operating shafts take care of variations in panel depth. 


ARROW AH HART 
Kuali since (890 


WIRING DEVICES » MOTOR CONTROLS + ENCLOSED SWITCHES + APPLIANCE SWITCHES 


ia ee 





vere environmental conditions, vibra- 
tion, shock and temperature. 

All three models, CP01-0103-1; 
CP01-0207-1 and CP01-0204-1, are 
available with shaft extension from 
either or both sides; also with terminals 
or with integral cable; and singly or 
in dual gang units. Humphrey Inc., 
2805 Canon St., San Diego 6, Calif. 
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POWER TRANSISTORS 
SWITCH LOADS 
OF 1 KILOWATT 


Now in mass production are power 
transistors capable of switching a load 
in excess of 1 kw. Advantages offered 
by using the transistor as a switch in- 
clude possibility of switching an elec- 
trical current from a considerable dis- 
tance using only thin wiring; arcing at 
the switch is eliminated. 

In the transistor’s “on” position, cur- 
rent flows directly across the transistor ; 
voltage drop is negligible; while the 





transistor switch will not become appre- 
ciably warm either in the “on” or “off” 
positions. 

The high power-switching property 
of this transistor can be used in var- 
ious applications: it is possible to con- 
vert d-c into a-c with the unit, operat- 
ing in a manner similar to a vibrator. 
This a-c, through the use of trans- 
formers can then be changed from a 
low voltage to a high voltage. 

It is also possible to control some 





;». the two-way answer to fastening problems 


Here’s a combination that slashes production costs 
and gets rid of fastening problems in a hurry— 


motors directly with an amplifier using Milford Rivets made to high-quality standards to 
the transistors. Another application: as assure a better finished product for you . . . Milford 
an electronic ballast for ee automatic rivet-setting machines that can be quickly 
lamps. Delco Radio Div., General Mo- ; : 

; ; adapted to your particular fastening needs. 
tors Corp., 1446 Home Ave., Kokomo, . P y P & 


Ind. To improve product appearance and strength 
Circle No. 20, Reader Inquiry Service Cards 


soeliinn bate atier ... to take full advantage of automatic assembly 
...tocut delivery time and production costs 


—get in touch with Milford first! 







COLD PUNCHING LAMINATE MILFORD 
Cold punching laminate with low-mois- TH fe 


ture absorption, low-dielectric loss at 
high frequencies, and excellent insula- 
tion resistance, is identified as Insurok 
XT-896. The laminate punches clean 
and sharp at average room tempera- 


MILFORD RIVET 
& MACHINE CoO. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF, 
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GYROS 


for every application 


For hours in aircraft or 
minutes in missiles, gyros 
must possess ruggedness and 
dependability that will assure 
performance of the mission. 
Kearfott Gyros possess this 
ruggedness and dependability 
coupled with extremely high 
accuracy. That is why they 
are so widely used in all types 
of aircraft and missiles. 
Kearfott Vertical, Rate, Free, 
Directional and Floated Rate 
Integrating Gyros as well as 
Stable Elements are designed 
to meet the most stringent 


airborne requirements. Unsurpassed in Performance 


Unequalled in Compactness 


Kearfott Miniature Vertical 
Gyros satisfy the requirements 
of MIL-E-5272 as regards shock 
test (Procedure II) humidity, 
salt spray, fungus resistance, 
rain, sand, dust, immersion and 
explosion proof. Duplicates the 
performance of standard verti- 
cal gyros in '2 the volume and 
weight. 




















RATE GYRO 





FREE GYRO 





FLOATED RATE 
INTEGRATING GYRO 








3 GYRO 
PLATFORM 


Write today for technical data on Kearfott Gyros. 


KEARFOTT COMPONENTS 
INCLUDE: 

Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, 
Tachometer Generators, Her- 
meticRotarySeals, Aircraft Navi- 
gational Systems, and other high 
accuracy mechanical, electrical 
and electronic components. 


A SUBSIDIARY OF 





KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


: ‘ Sales and Engineering Offices: 1378 Main Avenve, Clifton, N. J. 
| Midwest Office: 188 W. Randolph Street, Chicago, ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
i West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif, 
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tures, eliminating the problem of dimen- 
sional changes likely to occur in lam- 
inates which must be heated before 
punching. 

In copper-clad form, the XXXP lami- 
nate has high-bond strength and good 
blister resistance. Insurok XT-896 is 
said to have advantages in mechanical 
assembly as well as in printed circuitry. 
The Richardson Co., 2751 Lake St., 
Melrose Park, II]. 
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OIL-TIGHT PUSHBUTTON 
UNITS 


Two additions to a line of oil-tight push- 
buttons include the “Roto-push” oper- 
ator unit, which combines the functions 
of a single button-station with the ad- 
vantages of a two or three-positioned 
selector switch in one unit. Contacts 
are maintained or momentarily operated 








by either turning the guard ring, de- 
pressing the button, or a combination 
of both. 

The Press-Test indicating light pro- 
vides a simple means of checking indi- 
cating lights without disturbing the 
control circuit and without removing a 
lens or bulb. 

The oil-tight pushbuttons offer a 
“back-of-panel” depth of only 1-2345 
in. for the transformer types and 1-% 
in. for the resistor units. They are avail- 
able in key-operated, selector switch, 
flush-button, mushroom head or knob- 
operated models, each utilizing a dur- 
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For all the stringent 
Bt 


MIL-1-18057 


BH “1151 


ilicone Rubber Sleeving 





MIL-I-18057 is a functional type tess — for Class H 
Insulating Sleeving. It sets the standard for performance 
of braided Fiberglas Silicone Elastomeric sleeving in 
electrical insulating systems subjected to high tempera- 
tures and mechanical stress. 

When you specify BH-1151 Fiberglas Silicone 
Elastomeric Sleeving, it meets these high standards. 
Supported by long record of service in both military 
and industrial applications. 

BH-1151 combines the superior qualities of Silicone 
Elastomer — extreme low temperature and high 
temperature flexibility, resistance to degradation when 
exposed to high temperature, chemical inertness, and 
resistance to crazing — with the support, resistance to 
cut-through and dimensional stability offered by the 
basic Fiberglas braid. 


All of these properties are required by MIL-I-18057 
and proof of BH-1151’s ability to meet these standards 
is established by data obtained in each of the prescribed 
test methods. These data sheets are available on request. 


BENTLEY, HARRIS MANUFACTURING Co. 


1203 Barclay Street 


CONSHOHOCKEN, PA. TELEPHONE: TAYLOR 8-0634 





BENTLEY, H 


2647288). “Fiberglas” is Reg. TM of Owens-Corning Fiberglas Corp. 


d 
a 2 j ay ¥ , 

*BH Non-Fraying Fiberglas Sleevings are made by an_ exclusive ~ 2, “Md I 4 

Bentley, Harris process (U.S. Pat. Nos. 2393530; 2647296 and OSG : 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 207 








Mr. Auburn says: 





Washers 
Shims 
Insulators 
Grommets 
"O” Rings 
Gaskets 





AUBURN 


For a quick and definitive 
solution to design and pro- 
duction problems, call on Au- 
burn’s 85 years of specialized 
experience in engineering ma- 
terials to specific sealing and 
packing applications. Send us 
your prints and specifications 


— you'll get our recom- 
mendations and quotations 
promptly! 


Our extremely wide range of 
materials includes: 


Fibre © Phenolics © Plastics © Teflon 
Kel-F © Fibreglas © Silicone Rubber * 
Neoprene Rubber @ Leather ® Asbestos 
® Cork *© Compositions ® Cloth ® Paper 
© Cardboord * Brass ® Steel © Copper 
® Aluminum ¢ Other Special Materials. 





THE 
AUBURN 
MANUFACTURING COMPANY 


306-! Stack Street, Middletown, Conn. 

Representatives: Atlanta, Ga. © Detroit Mich. « St. 
Louis, Mo. « Los Angeles, Cal. « Minneapolis, Minn. « 
Washington, D.C. ¢ New York, N.Y. ¢ Cincinnati, 0. « 
Rochester, N. Y. e Pittsburgh, Pa. ¢ Fort Worth Tex. 
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| able, neoprene-diaphragm seal for com- 


plete oil-tightness. 

The contact blocks are divided into 
two isolated compartments with indivi- 
dually operating plungers and circuits 
which can be both normally open, both 
normally closed or one normally open 
and one normally closed. Three of 
these blocks can be so arranged as to 
provide almost unlimited circuit flex- 
ibility. Cutler-Hammer, Inc., 230 North 
12th St., Milwaukee, Wis. 
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PRINTED-CIRCUIT 
CONNECTOR 

With the 7000 Series printed-circuit 
Varicon connector, contacts are staked 


| directly into printed circuitry providing 


| contact 


independent mechanical bond. Specifica- 
tions: current rating, 7 amp; withstand- 
ing voltage (sea level), 2,000 volts rms; 





resistance, 0.002 ohm (un- 
changed after thousands of matings). 
Spacing at 0.100 centers provides 


| maximum number of contacts in mini- 


mum space. Now available are 17 con- 


| tact units. Other sizes under develop- 


ment. Elco Corp., “M” St. below Erie 
Ave., Philadelphia 24, Pa. 
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RUGGED % IN.-DIAMETER 
POTENTIOMETER 


High-strength precision potentiometer, 
the 75-M30 Maureypot, is said to sat- 


| isfy Jan-R-19. A 3-32 standard bush- 


ing provides a firm panel mounting; 
the mechanical stops can withstand an 
8 in.-lb torque; and the aluminum hous- 





ing effectively dissipates the rated 2- 
watts power. 

A Teflon gasket seals the shaft; an 
internal spring insures a_ constant 
torque. This torque is sufficient to keep 
the shaft at a particular resistance set- 








Centrifugal 
Blowers 


BARBER 


COLMAN 


quickly dissipate heat from 
tubes, circuit components, 
other enclosed equipment 





powered with Barber-Colman 
permanent magnet d-c motors 


Having heat problems with electron 
tubes and other circuitry equipment 
mounted in confined enclosures? In- 
stall Barber-Colman permanent mag- 
net centrifugal blowers for quick, de- 
pendable heat dissipation. Air volume 
for a typical unit is 20 cfm at 0 static 
pressure and 70°F. Voltages range 
from 6 to 115 volts d-c. Units avail- 
able for either clockwise or counter- 
clockwise rotation . . . several sizes, 
various mountings. Send for free 
technical bulletin. 


The complete 
line of 
Barber-Colman 
d-c motors 





. includes both permanent magnet 
and split series types . . . in various 
mountings and speeds with outputs 
up to 1/10 hp. Ideally suited to power 
electro-mechanical actuators, switches, 
and programming devices. Also avail- 
able with gearheads or blowers for 
special applications. Whatever your 
problem involving small d-c motors, 
let Barber-Colman Company engineers 
help you find the solution. Write for 
free Catalog F-4344-4. 


BaRBER-COLMAN COMPANY 
Dept. O, 1803 Rock Street, Rockford, Illinois 
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The performance and the name are 
the same around the world 


MACHINERY MANUFACTURERS: Your cus- 
tomers abroad will receive the same dependa- 
ble Shell Turbo Oil that your domestic customers 
enjoy. And this same uniformity applies to 
SHELL TELLUS OIL lubricant and control fluid 
for complex hydraulic systems 


SHELL ALVANIA GREASE multi-purpose indus- 
trial grease, and a complete line of other 


rome SHELL TURBO OIL‘ 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Turbine-manufacturer and turbine-user reports show that 
Shell Turbo Oil is outstanding in stability, rust-protection and 
in anti-wear qualities. In addition, this oil now has special 
properties that permit the use of more highly loaded gears for 
ship propulsion and industrial applications. 


Make Shell Turbo Oil your standard recommendation. 
For complete information write Shell Oil Company, 
50 West 50th St., New York 20, N. Y., or 100 Bush 
Street, San Francisco 6, California. 
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Designed and 
Engineered for 
DESIGN ENGINEERS 


Ve DC VOLTS 1 mv to 1000 v: accurate to 112% of full scale 
AC VOLTS 1 mv to 1000 v: accurate to 3% of full scale 
OHMS Zero to 500 megohms: expanded scales 


The SIE Model R-1 Voltmeter in- Available in bench or rack mounted 
corporates Distended DC Scales models. 
permitting accurate measurement Of ppirt. Less than 3 mv/hr. 


voltage changes as small as one TUBE COMPLEMENT: 13 
part in 10,000. Fully regulated WEIGHT: 34 Ibs. 


power supply prevents inaccuracies 
resulting from line transients. D-C Bench Model $620 
Rack Model $700 


amplifier with voltage gain of 200 
is flat within 4% db to 100 kc. 

SOUTHWESTERN INDUSTRIAL 

\ ELECTRONICS COMPANY 


. P. 0. BOX 13058 2831 POST OAK ROAD 


HOUSTON 19, TEXAS 
























































































SIE) voitmerer 


ting during most operating conditions. 
Available is + 1 per cent independent 
linearity; a resolution of 14 deg is pos- 
sible for values of 10,000 ohms and 
above. Maurey Instrument Corp., 7924 
S. Exchange Ave., Chicago 17, Ill. 
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WATER-SEALED INSULATED 
SPLICE 


Permanent, water-sealed and insulated 


splice, called Sealink, accommodates 


AN wire sizes, Nos. 26 through 10 and is 


color-coded for easy size identification. 


Used as either a two-wire water-sealed 
splice, or for multiwire applications, 


the splice meets military specifications. 
Composed of a highly conductive, elec- 
trotinned copper link; a transparent 
nylon insulation sleeve; and anodized 
aluminum sealing rings, Sealink is in- 
stalled with a ratchet-type, controlled- 
depth-of-indent, Hytool. Burndy Corp., 
Norwalk, Conn. 


Circle No. 25, Reader Inquiry Service Cards 
preceding back cover 


TWO-SPEED REDUCTION 
PULLEY WITH CLUTCHES 


Adaptation of a Reduction Pulley—a 
pulley equipped with internal planetary 
gearing to provide speed reductions up 
to 8000:1—is now available for two- 
speed operation and may be supplied 


for V-belt drive or adapted for chain 
or gear drive. 

Two clutches are provided. A stand- 
ard disk clutch locks the housing direct 
to the shaft and gives normal V-belt re- 
duction, while a drum-type clutch, built 
into the Reduction Pulley and operating 
through the internal gearing, permits 
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Famous Ward Leonard Vitrohm® vitreous-enameled re- 
sistors are now available in every style to meet all require- 
ments of Military Specification MIL-R-26C including the 
severe bogeys on moisture resistance, thermal shock, insula- 
tion resistance and many other properties. 

What’s more, this line offers you all characteristics—G, V, 
and the exacting Y—and all specification sizes and resistance 

values—even the highest values using the finest wire ( 0.00175” 
dia.) permitted by the spec. 

Tab-terminal, axial-lead and stack-mounting types are 
available in styles and characteristics shown in table. 

For complete data on these MIL-R-26C resistors, write us 
for Bulletin 12. (And incidentaliy, for Vitrohm resistors to 
highest commercial and industrial standards, get W/L Cata- 
log 15.) Ward Leonard Electric Co., 34 South Street, Mount 
Vernon, N.Y. In Canada: Ward Leonard of Canada Ltd., 
Toronto. 
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ENGINEERING 
DATA 


AVAILABLE IN RESISTANCE 

Stack Mtg.— RW20 thru All values 
Tab 24 in Spec. 

Tab terminal RW29 thru + All values 
47 in Spec. 

Axial lead RW55 thru All values 
59 in Spec.t 


*Characteristic Y applies to styles RW30, 33, 37 and 47 
only. Characteristic Y is similar to V but requires high in- 
sulation resistance at end of moisture-resistance tests. 


+ Maximum values for single-layer-wound resistors with 
0.00175” diameter wire. 


LIVE BETTER... E/ectrica/ly 

















FOR: 


Guide 
Bushings, 
Vanes 
and 
Wear 
Rings 





Electronic Bushings, 
insulators 

CTY. | 

Tuning 


HAVE YOU 
CONSIDERED 
THE IMPORTANT 
ADVANTAGES OF 


FILLED TEFLON*? 


Slugs 


Formed 
Gaskets 


Valve 

Seats 

and 
Packings 


It has been definitely established that the value of Teflon can be 
considerably enhanced by the use of fillers in certain applica- 
tions. Laboratory and field experience has demonstrated that the 
use of fillers permit Teflon to be more readily tailored to a wide 
variety of chemical, electrical and mechanical applications. Also, 
some mechanical properties can be improved. These include: 


1) resistance to deformation under load 
2) resistance to wear 

3) thermal conductivity 

4) compressive strength 

5) hardness 


By thus improving its properties, Teflon now offers even greater 
industrial potential. This is the reason filled Teflon has become 
an important item in the “John Crane’’ Chemlon® line of better 
Teflon products. 

Chemlon is available with such fillers as glass fiber, carbon, 
graphite, copper and bronze, talc, calcium fluoride and other 
inorganic materials. 

Tell us about your requirements. We'll tell you the advan- 
tages you can get from filled Chemlon. Request Bulletin T-104. 

Crane Packing Company, 6424 Oakton Street, Morton Grove, 
Illinois, (Chicago Suburb). tn Conodo: Crane Packing Co., Ld., Hamilton, Ont 


*DuPont Trademark 
ph © SR 


MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS 


CRANE PACKING COMR 
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much larger reductions. By the use of 
two built-in drum-type clutches, two 
internally reduced speeds may be ob- 
tained. These two speeds may be in 
the same direction, or one forward and 
one reverse. Instead of disk or drum- 
type clutches, the unit may also be 
equipped with almost any type of elec- 
trical, mechanical or pneumatic clutch. 

The Reduction Pulleys can operate 
either horizontally or vertically, are 
entirely sealed, equipped with hard- 
ened gears and running in oil. Overload 
release is available. Hart Reduction 
Pulley Co., 426 West Main St., Wauke- 
sha, Wis. 


Circle No. 26, Reader Inquiry Service Cards 
preceding back cover 


SAFETY SWITCHES CONFORM 
TO NEMA STANDARDS 


Included in a line of safety switches 
designed to meet NEMA Standards is 
light-duty Type LD. Available is a 
series with a full range from 30 to 200 
amp in both general-purpose and rain- 
tight enclosures. 

\ second series, Type ND, for normal 
duty and commercial work, extends 
from 30 through 1200 amp in both 250 
and 600 volts, a-c and d-c, in both gen- 
eral-purpose or raintight enclosures. 
Both NEC and dual element horse- 
power ratings are included. Type ND 





switches include a quick-make, quick- 
break operating mechanism independ- 
ent of the handle and silver-plated cur- 
rent-carrying parts. Switches are said 
to exceed UL endurance standards. 
Type HD. for heavy-duty industry 
use, is a premium performance switch. 
Enclosures include a gasketed indus- 
trial (NEMA 12) model as well as 
water-tight and dust-tight, and explo- 
sion-resisting types. In addition to the 
requirements of ND types, it has even 
greater safety and endurance, heavy 


MARCH 1957 ELECTRICAL MANUFACTURING 








Component Specification: ARNOLD 


 SILECTRON CORES 
Types C, E and 0 


Y TOROIDAL CORES 


Nylon and Aluminum cased 


W~ BOBBIN CORES 


2 erry ne nem 


The ARNOLD LINE-UP includes ANY TAPE CORES you need 


APPLICATIONS 


We'll welcome your inquiries on your 
Tape Wound Core requirements for 
Pulse and Power Transformers, 3-Phase 
Transformers, Magnetic Amplifiers, 
Current Transformers, Wide-Band 
Transformers, Non-Linear Retard Coils, 
Reactors, Coincident Current Matrix 
Systems, Static Magnetic Memory Ele- 
ments, Harmonic Generators, etc. 


ENGINEERING DATA 


For data on the variqus types of Arnold 
Tape Cores, write for these Bulletins: 
$C-107—Silectron Cores, Types C, E and O 


TC-101A—Toroidal Cores, nylon and aluminum 
cased 


TC-108—Bobbin Cores 


ADDRESS DEPT. EM-73 


SOOSSSSSSSSSSSSSSSSSHTSSSHSTSSSSSSSSESHSSSESESEESESES 


How to be sure of tape core perform- 
ance and uniformity? Just specify 
and use Arnold Cores in your trans- 
former, magnetic amplifier, reactor 
and computer assemblies, etc. 

Here's why! 

To begin with, Arnold is a fully inte- 
grated company, controlling every man- 
ufacturing step from the raw material to 
the finished core. Then, modern testing 
equipment permits 100% inspection of 
cores before shipment. Finally, you're 
matching your requirements against the 
most experienced and complete line of 
tape cores in the industry. Arnold pro- 
duces Types C, E and O Silectron cores, 
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nylon and aluminum cased toroidal cores, 
and bobbin cores to meet whatever your 
designs may require in tape thickness, 
material, core size or weight. Wide selec- 
tions of cores are carried in stock as 
standard items for quick delivery: both 
for engineering prototypes to reduce the 
need for special designs, and for produc- 
tion-quantity shipments to meet your 
immediate requirements. 

Let us help you solve your tape core 
problems. Check Arnold, too, for 
your needs in Mo-Permalloy or iron 
powder cores, and for cast or sin- 
tered permanent magnets made from 
Alnico or other materials. 
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This new bulletin gives 
you the facts... and 
complete how-to-do-it 
instructions for wiring your 
product with PANEL 
CHANEL® raceways. All 
steps are fully illustrated. 
PANEL CHANEL does the 


wiring job with one-third the 


work ... and even greater 
reductions in cost. 

PANEL CHANEL is relatively 
new ... but it is already 
the standard wiring method 
used by hundreds of 
leading electrical and 
electronic equipment 
manufacturers for their 
products. 


You Should Have the Facts. 


214 


Send for your copy of 
Bulletin S-301, 
today. 


Panel Chane’ 


STAHLIN BROTHERS, INC.* 101 MAPLE STREET 
Belding, Michigan 


re 
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. 
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y 4 aw gypreach control \ panel winng 
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¢ «.  diimieates wire iacing 
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Pa PANEL CHANEL 


Here’s your guide... 
to better wiring with 
one-third the work 
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electroplated silver on all current parts, 
and interchangeable lugs. Square D 
Co., 6060 Rivard St., Detroit 11, Mich. 


Circle No. 27, Reader Inquiry Service Cards 
preceding back cover 


SUBMINIATURE POTENTIOM- 
ETER HAS 2 IN. DIAMETER 


Features of precision %4-in.-diam po- 
tentiometer include a one-piece nickel- 
plated bronze case and bearing, sealed 
silicone fibrous-glass cover with end- 
mounted terminals, and O-ring sealed 


shaft if required. Despite subminiature 





size, voltage breakdown between shaft 
and terminals is 1000 volts a-c. 

Standard electrical rotation is 320 
deg; mechanical rotation, 325 deg with 
stop, or continuous 360 deg. Threaded 
bushing mounting designs are standard, 
servo or other mounting arrangements 
on order. Standard shafts are 0.125 
diam ground and passivated stainless 
steel. Electronic Sales Div., DeJur- 
Amsco Corp., 45-01 Northern Blvd., 
Long Island City 1, N. Y. 


Circle No. 28, Reader Inquiry Service Cards 
preceding back cover 


HORIZONTAL-MOUNTED 
PRINTED-CIRCUIT COIL- 
FORMS 


Horizontal-mounted printed-circuit coil- 
forms come in a single style, available 
in two lengths. Catalog numbers are 
2270 and 2271. The 2270 is % in. long 
overall, and mounts on 0.500 in. x 0.200 





in. mounting centers. The 2271 is 134 , 
in. long overall, and mounts on 0.700 
in. x 0.200 in. centers. 

Both are made with 14 in. OD in- 


| ternally threaded ceramic tcbing, grade 


L5 silicone impregnated. The units are 
slug-tuned by a powdered iron core. 
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TA i 
electrical wonder rubber OFFERS TR 


Performance! Versatility! Economy! In all three, Enjay Buty] is the world’s 
outstanding rubber value. In laboratory tests, and a wide variety of applica- 
tions, no other rubber has matched Enjay Butyl’s ability to resist ozone and 
corona, impact and abrasion, moisture and weathering... properties that 
make Enjay Butyl-made products outstanding performers. 


IPLE VALUE 





Underground service cables, transformer housings, high-voltage industrial 
cables ...in these, and many other electrical applications, Enjay Butyl out- 
performs and out-lasts all other types of rubber, synthetic or natural. Low-in-cost é U T Y L 
and immediately available, this truly wonder rubber may well be able to cut 
costs and improve performance in your products. For further information, 


and for expert technical assistance, contact the Enjay Company. Bajar Buty! is the essetent vuliber velee 


in the world . . . the super-durable rubber 
Pioneer in Petrochemicals with outstanding resistance to aging ° 

abrasion « tear « chipping « cracking 
ENJAY COMPANY, INC., 15 West 5ist Street, New York 19,N. Y. ozone and corona « chemicals « gases 
Other offices: Akron + Boston + Chicago « Los Angeles » New Orleans+Tulsa heat + cold + sunlight + moisture. 
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FRACTURING 
FAN SWITCH 


--- FIXED BY MILLER! 
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us 


This mercury safety switch was a real sales asset to a leading 
maker of electric fans. But it turned into a serious production 
liability when one of the essential components proved overly 
difficult to manufacture. The use of phosphor bronze was in- 
dicated, but ordinary phosphor bronze wouldn’t do the trick. 
Part after part fractured. Rejects (and costs) soared. 


Miller technical people quickly found the answer. They recom- 
mended and produced a Grade C phosphor bronze with a spe- 
cial temper and rigidly controlled grain size. Production 
schedules were met; rejects dropped, and the overall perform- 
ance of the part was greatly improved. 


Miller specializes in the expert production of quality phosphor 
bronze alloys—in strip, coiled and flat lengths—tailored to 
your specific needs. Remember: at Miller, Phosphor Bronze 
is the main line—not a sideline! 


ROLLING MILL DIVISION 





THE MILLER COMPANY * MERIDEN, CONN. 


Ameriers Qualily Fieyphor Cronge 
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Both types have four solder terminals 
and two silicone fibrous glass collars. 
The terminals for soldering are at- 
tached to the fibrous glass collars and 
are so designed that coil leads can be 
attached to them separately from the 
printed circuitry; leads also may be 
attached to the circuitry with the ter- 
minals. Cambridge Thermionic Corp., 
453 Concord Ave., Cambridge 38, Mass. 


Circle No. 29, Reader Inquiry Service Cards 
preceding back cover 


FOOTSWITCH 


Low height of the footswitch gives it 
a streamline appearance and makes it 
easily operated from either a sitting or 
standing position. The grooved top pre- 
vents the operator’s foot from sliding. 
The rubberized cork skid pad on the 
bottom keeps the footswitch in place. 

Footswitch is precision built of cast 
aluminum with a snap-action switch 
interior. The switch, rated 15 amp, 125 





volts a-c, is available with a standard 
cordset or with a cordset supplied to 
customer specifications. A safety guard 
is also available. The footswitch meas- 
ures 334 in. x 3 in. x 144 in.; weight, 
10 oz. Vemaline Products Co., P. O. 
Box 222, Hawthorne, N. J. 


Circle No. 30, Reader Inquiry Service Cards 
preceding back cover 


VARIABLE CONTROL 


Using a molded compositien resistance 
track, Model R variable composition 
control employs a radial resistance ele- 
ment, filling the entire inner perimeter 
of the resistor barrel. Design offers such 


advantages as higher wattage dissipa- 
tion. Also reduced localized hot spots, 
since current density is spread over a 
larger area and an extensive external 
cooling surface. 

Model R offers a 3-watt standard rat- 
ing; 2 watts under RV4 style. The con- 
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TYPE NH RELAY 
UP TO SIX POLES 
10 amp, 600 volts 
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Where long life and dependable 
relay control of electrical circuits 
are required, Westinghouse Type 
NH relays are ideal. They oper- 
ate efficiently on low current 
from pushbutton stations, tem- 
perature or pressure devices, 
limit switches, photoelectric or 
other controls. 

Case-hardened operating parts 
provide tough, 
wear-resisting sur- 
faces for longer 
operating life. 
Knife-edged mini- 
mum friction bearings, prevent 
binding or delayed action. 
Circuit continuity is further 
guaranteed by neoprene shock- 
absorbing mounting. Fine silver 
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You can BE SURE... 


Westinghouse 
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CONTROL RELAYS 


contacts close with firm pressure, 
and low resistance. 

All parts, including coils and 
cores, can be easily removed 
from front. Readily changeable 
for adapting to voltages through 
600 volts. 

Supplied in any combination 
of normally open or closed con- 
tacts...up to six poles. Com- 
binations easily 
changeable in the 
field without addi- 
tional parts. 

Type NH is one 
of a full line of Westinghouse 
relays. 

Westinghouse Electric Corpo- 
ration, P. O. Box 868, Pittsburgh 
30, Pennsylvania. 


IF ITS 


J-30257 
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trol offers high rotational life (100,000 


cycles). After meisture resistance type 

testing, resistors are said to exceed the 

“Y” environmental characteristic, with 

an average change of 2 per cent. Reon 


Resistor Corp., 117 Stanley Ave., 
Yonkers, N. Y. 


Va ea 


FHP MOTOR AVAILABLE 
WITH SPECIAL FEATURES 


Designed for quality but inexpensive, 
line of FHP motors, the M 20 or M- 
100, features extra strong, rugged cast- 
ings for its size. Available either ven- 
Saati tilated or enclosed and with ball or 
erate sleeve bearings. Maker’s G-11A gear 
reducer was designed for the motor, 


Silicon Rectifiers 





but any of the manufacturer’s gear 
units may be used if desired. Other 
specifications, windings: (M-20), uni- 
versal or shunt, (M-100), permanent- 
magnet (d-c shunt). Voltage: 6 to 
220 a-c/d-c or d-c shunt; maximum 
horsepower: 1/30 continuous; shaft 
diameter is 5/16 in. max. Approximate 
weight, 2 lb. Rae Motor Corp., 2009 
Kewaunee St., Racine, Wis. 


Circle No. 32, Reader Inquiry Service Cards 
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Selenium Industrial 
ah Aastha 


Tota Malle Me -ullteehit le 
Power Rectifiers (to 150°C) 


HIGH-TEMPERATURE CAPAC- 
ITOR WITH PROCESSED 
TEFLON DIELECTRIC 


Developed for Wright Field, new capaci- 
tor employs a processed Teflon dielec- 
tric which assures exceptionally high 
performance to 200 C without derating. 
This capacitor can be used for critical 
applications including computor cir- 


a. 


cuits where good stability, low-dielec- 

tric absorption and _ high-insulation 

resistance are of paramount importance. 

ann Power factor is less than 0.0005, and 
-F- FANSTEEL METALLURGICAL CORPORATION a. ' 

~ en8 tandard units have insulation re- 

aaa pend diaeiatae sistance greater than 109 ohms at 200 

C and greater than 1014 ohms (at room 

a temperature). The dielectric holds an 





Battery Chargers and 
Power Supply Units 


136 Special Hermetically Sealed 
BOOTH 4021 Units to Special Order 


AT THE |.8.E. SHOW 
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initial charge for the longest of any 
known material. 

Capacitors are of extended foil con- 
struction and encased in hermetically 
sealed tubular metal containers. 

Tolerances are + 10 per cent. Special 
units are available with tolerances to 
1 per cent. Capacitance ratings: from 
0.001 to 2 mf. Voltage rating: standard 
continuous voltage ratings of 150, 200, 
400, 600, 1000 and 4000 volts d-c. Balco 
Research Laboratories, 49-53 Edison 
Pl., Newark, N.J. 


Circle No. 33, Reader Inquiry Service Cards 
preceding back cover 


PLUG-IN RELAY WITH DUST- 
PROOF ENCLOSURE 


Utilizing the standard cetal plug; LR 
series relay, in a plug-in dust-proof en- 
closure, comes in contact arrangements 
up to DPDT and silver contacts rated 
at 10 amp 115 volts a-c, noninductive. 





TYPE LREX 
COIL VOLTAGE —— 


.s at . 
Tako sort 


iJ 


LINE ELECTRIC CO. 
NEWARK 4 N. J. 





Coils in all standard a-c and d-c volt- 
ages. Dimensions: 314x1-/gx2_ in. 
Line Electric Co., 1407 McCarter 
Highway, Newark 4, N.J. 


Circle No. 34, Reader Inquiry Service Cards 
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THRUST WASHERS OF WEAR- 
RESISTANT FILLED NYLON 


Available from stock are Nylatron 
“GS” nylon thrust washers. The wash- 
ers are stamped from strip to outside 
diameters of % in. to 1-54¢ in. and in- 
side diameters of 14 in. to 1 in. They 
are available in thicknesses of 14, in., 
145 in., and 4¢ in. The stamping op- 
eration is said to provide close-toler- 
ance parts with complete uniformity. 
The thrust washers are used in a 
variety of applications, including frac- 
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DEPENDABLE 


Tantalum Capacitors 


AT-1g1-t ae Ae aS STI 
vibration or shock requirements 


Series PP, for normal 
temperature ranges 


Tdi te eM a 
temperatures (to 125°C) and 
Taal lech met ti lil 


STA Solid Tantalum. Voltage 
ranges up to 30 volts, D-C 
UP TrstisiMsiel Tit A ae haan! 
wide temperature range 


aCiaulilac Lihat Lct 
capacitors to special order 


CHECK 
BOOTH 4021 Ay ot-taie} abil eras 
AT THE 1.R.E. SHOW om AL melas ts 
be” 
FANSTEEL METALLURGICAL CORPORATION y ag 
ist. a en 


| 
a 
} 
TANTALUM CAPACITORS DEPENDABLE SINCE 1930 
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ore Tal: Tate kg 


How soon can we get delivery? 


How much will it cost? 


Bile Mts ae ai 
Switchcraft—one of the largest 


eleelelle tem mee atte 


Proven for 36 months 
in hundreds of different applications 





1324 N. Halsted St., Chicago 22, Ill. 


Canadian Rep. Atlas Radio Corp., Ltd. 
50 Wingold Ave., Toronto, Canada 


You can measure accurately 








with the 


CURTISS -WRIGHT 


Dynamic 
Capacitor 
Electrometer 


Electronic Component & 
Instrument Sales Department 
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Flexible tools make possi- 
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° 
epaylti-Switeh”™ and many 
Compone 


nts at the 
Radio Engineering Show 


March 18 to 21 


See this 


FEATURES 


A micro-microammeter and millivoltmeter in one 
instrument * Measures currents from 10-16 to 10-7 
amperes * 10, 100, and 1,000 mv ranges plus 
recorder output ¢ Exclusive, diaphragm-type 
dynamic capacitor provides longer life, greater 
stability and reliability * High stability, both 
short and long term ¢ Extremely high input im- 
pedance—1015 ohms ¢ Better than 2% accuracy 
* $1,075.00 F.O.B. Carlstadt, N. J. 


TYPICAL APPLICATIONS 
Electronics: 


Measurement of semi-conductor parameters, low- 
level voltages, static charges, floating grid po- 
tentials, grid currents, residual noise in summing 
amplifiers, and insulation resistance 


Physics and Chemistry: 

Mass spectrometry, pH measurements 

Nuclear: 

Reactor control and radiation monitoring systems 
Industrial: 

Beta and gamma gauge control systems 
Biophysics and Medicine: 


Measurement of stomach acidity, skin and cell 
potentials, nerve impulses, etc. 


2) 


ELECTRONICS DIVISION m4 


CURTISS-WRIGHT 


TADT, N 


CORPORATION + CARL 
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| tional-horsepower motors, where they 
demonstrate long life in contact with 
metals. The washers have a low co- 
efficient of friction and can be used to 
advantage where lubrication is difficult. 
While primarily rigid for mechanical 
applications, noise can be measurably 
reduced. Nylatron GS incorporates a 
molybdenum disulphide __ filled-nylon 
formulation, specifically compounded to 
expand the field for nylon parts. The 
Polymer Corporation of Pennsylvania, 
Reading, Pa. 


Circle No. 35, Reader Inquiry Service Cards 
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| MINIATURE EYELETS FOR 
_ PRINTED CIRCUITS 


Machined miniature eyelets for printed 
circuits are designed for mounting com- 
ponents on printed circuits. A special 
| feature permits solderless connections 
for component leads, if desired. Non- 
soldered mounting results in a very 
| strong mechanical connection. As sol- 
dered connections, the eyelets afford 


excellent capillary action in the solder- 
ing process. 

The standard eyelets are made of 
brass that has been tin-lead solder 
plated. Other finishes such as silver 
and gold are also available. They are 
designed so that they can be fed and 
inserted into printed circuits through 
automatic equipment. Cambridge Ther- 
mionic Corp., 445 Concord Ave., Cam- 
bridge 38, Mass. 


| Circle No. 36, Reader Inquiry Service Cards 
preceding back cover 


CONTROL-POWER 
TERMINAL BLOCKS 


Three terminal blocks, designated 
Types “S,” “O” and “L,” have been 
developed for power wire termination. 
Any numerical combination of these 
three types may be obtained in the same 
block, or they may be combined in suit 
able combinations with maker’s H, BI 
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Reda submergible pump motors 
do ‘impossible’ jobs under 
critical operating conditions for 
insulation. Impregnating varnish 
used is Irvington® +140. 


@ Powerful electric motors and centrifugal pumps de- 
signed to operate efficiently under “impossible” condi- 
tions and in prohibitive space tolerances are the stock 
in trade of the Reda Pump Company, Bartlesville, Okla- 
homa. Reda manufactures submergible pumps for oil, 
brine and water wells, and for pumping petroleum prod- 
ucts. The company’s founder, Armais Arutunoff devel- 
oped the first successful submergible electric motor—a 
unit small enough to fit in well bores, sealed from the 
well fluid and operated in an oil bath.* 

To build such units, Reda faces critical insulating 
and operating conditions for electric motors. 

Besides designing effective motors of great length 
with very small diameters Reda’s engineers must con- 
stantly contend with ambient temperatures of from 
135°F. to 200°F.—and in some wells, temperatures of 
240°F.—as well as highly corrosive salt water, sulphur 
and the ever present threat of moisture which might 
penetrate the motor and break down insulation. One 
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9 ARGYLE TERRACE, IRVINGTON 11, N. J. 
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DIVISION | & MINNESOTA MINING and MANUFACTURING CO. 


LOOK TO IRVINGTON FOR: Flexible Electrical Insulations, Coated Fabrics and Papers — Laminated and Coated Slot Insulations — Tubing — Tapes — Insulating Varnishes 


design requires the use of a filling oil around the stator 
windings. This means that the electrical varnish used to 
impregnate the windings (for additional insulation and 
protection against vibration effects) must be highly re- 
sistant to chemical action from the oil. The impregnat- 
ing varnish is the barrier between outside forces and 
the primary insulation of the windings. Its ability to re- 
tain electrical and mechanical properties in the presence 
of mechanical and electrical stresses, heat, and chemical 
and moisture vapor is vital to the life of the motor. 

IRVINGTON is proud to state that the varnish used at 
Reda for these demanding purposes is IRVINGTON insu- 
lating Varnish #140. 

Formulated after many years of research, IRVINGTON 
#140 provides highest mechanical strength under ad- 
verse operating conditions. The electrical preperties of 
IRVINGTON #140 are excellent. So too 
to oil, moisture and chemical attack. 


IRVINGTON #140 is only one of a complete line of insu- 
lating products designed for every type of insulation— 
for most design needs—for insulations that fully meet 
NEMA standards. And like all IRVINGTON products it is 
backed by technical knowledge, quality control and re- 
search leadership that assure you of insulation to meet 
your requirements. For IRVINGTON means “ 
Insurance!” 


, is its resistance 


Insulation 


*Details and background information on the amazing Reda Pump story are 
contained in an article in the March issue of Insulation Magazine. 


ANOTHER OF THE 1,001 EXAMPLES THAT PROVE: LRVINGTON MEANS ENSULATION ENSURANCE 
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TRANSFORMERS 
for your SPECIAL 4 
Bruising 





SPECIAL 
UNITS 


Resistance Welding Trans- 
former with eight point tap- 
changing switch on primary wind- 
ing. Used for a varying secondary 
current output. Unit shown is 3 
KVA. Units are available from .5 
to 50 KVA. 


oe 


~* 


High Voltage Plate Trans- 
former for use under oil with 
other equipment: in same tank. 
Unit shown is 50 KV center tap 
grounded, 4 KVA and high imped- 
ance. Note plastic insulation shield 
between coils. This unit available 
from 100 VA to 100 KVA. 





| For any special transformer, you will get the highest 
| quality, the fastest delivery, the most reasonable cost and 
the highest efficiency from Nothelfer Winding Laboratories. — 
Their production is geared to the manufacture of special 
transformers, chokes and reactors. et 
your particular 


ith WINDING LABORATORIES, Inc. 


P.O. Box 455, Dept. 101, Trenton, N. J. 













Write for 


information, 





222 





re ee ee | Harbot connectors are annraved hy ! 


and BS terminal sections to provide 
control and power wire terminals on 
the same block. 

White marker strips are furnished on 
the type L, for convenient identification, 
similar to those on the types H, BT and 
BS. Types S, O and L are rated at 750 
volts a-c terminal to terminal and ter- 
minal to ground. Type L (rated 100 
amperes) is furnished with 44 in. 
screws for No. 1 wire lugs, Type O 
(rated 125 amp) has %¢@ in. screws 
for 1/0 wire lugs; and Type S (rated 
225 amp) % in. screws for 4/0 wire 
lugs. Steel mounting brackets are zinc 
dichromate plated. Curtis Development 
and Mfg. Co., 3250 No. 33rd St., Mil- 
waukee 16, Wis. 


Circle No. 37, Reader Inquiry Service Cards 
preceding back cover 


STRAIGHT CONNECTOR 
SPEEDS INSTALLATION OF 
ARMORED CABLE 


New %% in. straight connector for at- 
| taching armored cable to standard 
| knockout boxes is useful in the wiring 
of motors, switches, air conditioners, 
transformers, machinery, electric ranges 
| and similar units. The connectors are 
| especially ideal for production-line as- 

sembly. Using only a screwdriver, the 

connectors are installed after wiring is 
| finished and cover is on the box. Wiring 
| is facilitated, since there are no pro- 
| truding threads or fastening devices in 
| the box to interfere with joining the 





wires. 





Heart of the Harbot electrical con- 
nector is a special cam-wedge action 
which forces two grooved lips to en- 
gage the edge and inside surface of the 
knockout opening. This action results 
from tightening the two machine screws 
which fasten the connector to the cable. 
The connector grips the knockout box 
with a rigid, tight fitting in any posi- 
tion. Connectors will not vibrate loose. 

The connectors are made of a special 
die-cast aluminum alloy for strength, 
and give wiring a neat, modern appear- 
ance. They are available also in 45 deg 
and 90 deg models with many neck 
lengths for a wide range of applications. 
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PERFORMANCE PROVEN 
»-e- FOR OVER 25 YEARS 


RESISTORS 


and 


RHEOSTATS 







H-H Long-Life Resistors 


Blue Ribbon Resistors 


Rugged blue ribbon resis- 
tors provide higher watt- 
age ratings per unit, save 
space and weight. Con- 
struction features high 
temperature, vitreous 
enamel, crazeless coating 
for maximum moisture re- 
sistance. Aluminum thru- 
bar distributes heat uni- 
formly. Corrosion resistant 
and vibration-proof. ac 





Gray Line Resistors 
These dependable resis- 
tors feature high tempera- 
ture gray enamel coating 
and stronger core for 
extra dependability under 
the most extreme operat- 
ing conditions. All wire 
connections on H-H Long 
Life Resistors feature all 
welded construction. The 
fixed, ferrule and adjust- 
able types meet MIL-R-26 
specifications. 





ashore 





Hardwick Hindle quality components offer circuit 
designers and engineers exclusive electrical and 
mechanical features. These design “plus” factors 
provide complete dependability where severe 
operating environments are encountered in 
commercial or military service. Complete data 

on H-H Rheostats and Resistors is available on. 
request. Call or write for illustrated resistor 

and rheostat catalogs today! 
Standard stock items available for , 
immediate delivery from authorized. 
local electronic parts distributors/ 





The Mark of Quality Since 1924 
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Functions smoothly under 
the most adverse condi- 
tions. Terminals of strong, 
corrosion resistant alloy, 
are permanently welded 
to winding form. Wound 
ring is made an integral 
part of the refractory base 
by vitreous enamel. Shafts 
are insulated. Three ter- 
minals permit use as po- 
tentiometer or rheostat. 


Featuring porcelain-vitre- 
ous enamel construction, 
Type AM rheostats are ex- 
ceptionally rugged, com- 
pact and possess excellent 
heat dissipating character- 
istics. Resistive element 
is wound on a flat, pure 
mica form, placed within 
a refractory base and com- 
pletely embedded in vitre- 
ous enamel. 


TYPE AMS RHEOSTATS (25 Watts) 


This type Hardwick Hindle 
Rheostat includes all the 
electrical and mechanical 
advantages featured in the 
Type AM with lug termin- 
als. However, Type AMS 
Rheostats incorporate 
screw type terminals. 


High temperature enamel 
affords maximum safety 
under overloading. H-H 
bus-bar construction pro- 
vides ample resistance, 
ample safety under maxt- 
mum current require 
ments. Constant pressure 
contact arm provides trou- 
ble-free operation. 


40 HERMON ST., NEWARK 5, N.J., U.S.A. 











Taam Tam OD 
MAC re a 
and 
Terminal Inserting Equipment 


Tubular Pin Terminals—Insert automati- 
cally into printed circuit board at huge 
production savings. Snap into position 
with positive locking action by means 
of self-retaining snap-in feature. Dou- 
ble ends permit wrapping or inserting 
leads at either end. Ask for Bulletins 
550 and 551. 








Solderless Wire Disconnect Female Terminals — 
Speedily applied to leads by means of 
cost-saving automatic equipment. Fits 
quickly and firmly to tubular pin 
terminals. Solderless wire crimp can 
be varied to fit various size insulated 
wires. Ask for Bulletin 553. 





Line Cord interlock Terminals— For single or 
multiple lead connections. Another 
Malco automation development 
provide production short cuts and as- 
sembly economy. Terminals are staked 
quickly and firmly into printed circuit 
boards. Ask for Bulletin 554. 


to 


Malco printed circuit hardware can be engi- 
neered to your specific requirements. Give us 
the facts about your operation. We'll show you 
how your costs can be lowered and your pro- 
duction incraased. Ask for Bulletin 551. 


es TOOL and MANUFACTURING CO. 


4521 W. Lake St., Chicago 24, lil. 


224 








Harbot connectors are approved by 
both the Underwriters Laboratories and 
the Canadian Standards Association, 
and are spark-proof. Unimatic Corp., 
R.F.D. 1, Caldwell, N. J. 


Circle No. 38, Reader Inquiry Service Cards 
preceding back cover 


RACK AND PANEL 
CONNECTOR WITH RESILIENT 
INSERT 


Incorporating a solid shell and resil- 
ient insert to facilitate pressurization 
and to give maximum protection against 
the harmful effects of vibration, new 
rack and panel electrical connector is 
known as the SR type. 

Features of the SR rack and panel 


connector are: solid shells, resilient 





inserts, low-contact engagement forces, 
easily pressurized to latest MIL speci- 
fication, closed-entry sockets, heavily 
gold-plated contacts and cadmium- 
plated clear irridite finish. The connec- 
tor operates in the temperature range 
from —67 to 250 F. Scintilla Div., 
Bendix Aviation Corp., Sidney, N. Y. 


Circle No. 39, Reader Inquiry Service Cards 
preceding back cover 


HEAT-DISSIPATING RIGHT- 
ANGLE MOUNT FOR MINIA- 
TURE ELECTRON TUBES 


Heat-dissipating tube-shield mount for 
miniature electron tubes incorporates 
an integral right-angle mounting brack- 
et and socket. Available are units for all 
sizes of 7 and 9-pin miniature electron 
tubes. The new shield and socket as- 
sembly incorporates maker’s original 
Hardmount shield features—a soft sil- 
ver or copper wrap-around for the glass 
bulb and a separate beryllium coppei 











ue RIGHT answer 


for greater productivity from 
machinery investments 





Sterling 
ELECTRIC 
POWER 
DRIVES 





The important distinguishing features 
of Sterling Electric Power Drives can 
bring greater productivity and cost 
reductions to your manufacturing 
operations. To help you meet the com- 
petitive challenge of mechanization and 
automation, Sterling offers power 
transmission equipment, variable speed 
or constant speed—manual or automatic 
controls—and an application engineer- 
ing service. Together, these give your 
machinery the type of drive systems 
that will achieve maximum productiv- 
ity at lowest cost. 


Sterling Speed-Trol Variable Speed Motors 
Sterling Slo-Speed Gear Motors 


Sterling Constant Normal Speed Motors 
Sterling Multi-Mount Speed Reducers 







Write today for Bulletin No. 185. 
Discover the big advantages 
Sterling Electric 
Power Drives can 
bring to your plant. 


ma 


ELECTRIC MOTORS 


LOS ANGELES 22 + CHICAGO 35 
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spring-clip to provide maximum tube 
retention. Desion of bracket assures 














HOW TO ADD TO THE 


saleability “= “= 


OF MANY ELECTRICAL PRODUCTS 


. Instruments 
. Appliances 4 gongs, commen bone 
.-» Small Motors 
.Radio, TV, 

Audio Equipment 








TO ENGINEERS, Stackpole Slide Switches in more than a dozen in- 
expensive types offer many interesting design possibilities for improv- 
ing product performance. 





TO BUYERS of today’s instruments and appliances, the convenience 
of unique and attractive modern switching arrangements exerts strong 
sales appeal that far exceeds the modest cost involved. 


Stackpole Slide Switches cover the 14 to 3 ampere range. They vary 
from simple ON-OFF units to types that provide complicated inter- 
circuit switching in minimum space—often with less costly mount- 
ings than conventional switches. Electronic Components Division, 
STACKPOLE CARBON COMPANY, St. Marys, Pa. 


SP-DT 
3 amps. Detent 





3-Position 
0.5 amp. Detent 





S-L-I|;-D-E SWITCHES 











New SLIDE SWITCH DATA 


Stackpole Bulletin RC-10D — just out — gives 
complete ratings, dimensions, modifications, 
and other specifications for all standard Stack- 
pole Slide Switches. Write for your copy or 
see your local Stackpole representative 


SP-DT 


1 amp. Detent 


KEY TO CONTACT ARRANGEMENTS 


eee aa | 
Cee RS Ee, Mee aie: SRC | 
POSITION 3 





POSITION 4 


DP-DT 
0.5 amp. Detent i ptng ~ 
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KEEP UP-TO-DATE ON MAGNETICS 











SORENG STANDARD 


SNAPAC SWITCHES 


iin OTs 


RUGGEDNESS 
DEPENDABILITY 
HIGH CAPACITY 
ECONOMY 


USED BY MAJOR ORIGINAL EQUIPMENT 


MODEL NO. e 
750-11 





SNAPAC pin plunger switch operates 
within 1/32” to 1/16” pre-travel. 
Total 3/32” to Ve” 





Electro-mechanical Features 

@ Instantaneous, positive make 
and break action 

@ High contact pressure 

@ Non-sensitive to vibration 
and shock 

@ Stable under momentary high 
overload 

®@ Available S$ P S$ T normally 
open or closed, or SP DT 









Rating: 


15 amp 125 V. A.C. 
10 amp 250 V. A.C. 
Ya h.p. 125/250 V. A.C. 


Listed by Underwriters’ Laboratories | 


FOR COMPLETE INFORMATION 
WRITE FOR 
SNAPAC BULLETIN SL-3 





CONTROLS Company OF AMERICA 


S ORSEINIG, 


9551 SORENG AVENUE ¢ SCHILLER PARK, ILLINOIS 


controls 1 that make modern living possible 
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Panel mounting SNAPAC switch for 
applications requiring extra over 


Total travel 14’ 


Lever actuating SNAPAC switch for 
low operating force... . 


DIVISION 


married to 


spring-clip to provide maximum tube 
retention. Design of bracket assures 
proper pin alignment of the tube and 
integral socket. This is accomplished 
through the use of a solid copper-slug 
assembled between the right-angle base 
and the shield wrap-around. Use of the 
copper-slug provides maximum contact 
and heat conductivity between shield, 
base and chassis. The socket may be 
oriented to any one of four positions to 
meet layout requirements. Tube life 
and reliability is increased through ef- 
fective heat dissipation provided by the 
new shield and mount as well as maxi- 
mum tube retenton under severe shock 
and vibration. Electrostatic shielding 
is excellent. The right-angle design al- 
lows for a greater variety of mounting 
applications and permits flexibility in 
layout and resign of electronic equip- 
ment. International Electronic Research 
Corp., 145 West Magnolia Blvd., Bur- 
bank, Calif. 


Circle No. 40, Reader Inquiry Service Cards 
preceding back cover 


POWER TRANSMITTER IS 
SOLENOID-OPERATED FOR 
AUTOMATIC CONTROL USE 


Rapid stop-start machine operation can 
be remotely or automatically controlled 
with a recently announced solenoid-op- 
erated power transmitter. 

Designed primarily for use in driving 
high-production machine tools, textile 
machinery, winding and spooling equip- 
ment and conveyors, the power trans- 
mitter is useful on other equipment, too. 

The new motor uses a constantly 
running motor-driven fly wheel with a 
short-throw clutch. The clutch is ac- 





tuated by two solenoids arranged in 
tandem and normally supplied for 115- 
volts, 60 cycles. One engages the clutch 
and the other engages the brake. Con- 
trol is accomplished by a stop-start 
pushbutton station; operation can be 
automatic through use of limit switches, 
sensing devices, timers or other con- 
trols. 

Designated Type J, the new unit is 
totally enclosed and fan-cooled, with 
prelubricated ball bearings. It is a 
able for single-phase, 60-cycle, 11543 9- 
volt operation in 14, 14, 34 alk 1-hp 
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what are the new Performance-Guaranteed laminations? 


Whenever our tungsten-carbide dies have produced 
enough nickel-iron laminations of a new shape to permit 
stocking them for immediate delivery, we let you know, 
because we get so many requests for “‘what’s new in 
Performance-Guaranteed laminations?” 


It’s rather sensible, the emphasis our customers put on 
this ‘Performance-Guarantee.” They know it’s a guar- 
antee based upon our higher quality hydrogen annealing, 
vital for high permeability laminations, 


You see, small percentages of impurities, particularly 
carbon, oxygen and sulphur, have a deleterious effect on 
magnetic properties—and they are present in every alloy 
at the beginning despite the most rigid control of the 
metallurgy of the heats. In this as-rolled state, the steel 
will develop as little as 5% of its ultimate permeability. 


Now everyone “hydrogen” anneals—but not everyone 
dry-hydrogen anneals. You can’t use bottled hydrogen, 
without leaving a surface oxide injurious to magnetic 
properties and making soldering virtually impossible. So 
we dry our hydrogen to a dewpoint of —60° C, removing 


READER INQUIRY SERVICE CARDS, PRECRDING BACK COVER 


the water vapor which is produced by the reduction of 
hydrogen. Carbon reduces to methane, sulphur to sul- 
phur dioxide, and both are removed by the continuous 
flow of dry hydrogen during the 24-hour cycle. 


As a result of our superior annealing, we develop better 
magnetic properties and clean lamination surfaces, and 
you get that valued ‘‘Performance-Guarantee.” 

New Performance-Guaranteed shapes, in stock, immedi- 
ately available: EE 28-29, UI-312, F-21, DU-1, DU-37, 
rotor, stator and head laminations. Why not write today 
for Catalog ML-201 and full information on these and 
all other clean, flat, burr-free laminations we manufacture. 


Magnettcs, Inc., Dept. EM-33, Butler, Pennsylvania 


& * @ 
MAGMETICS inc. 
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CABLE: MAGWNETICS 
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COIL CHARACTERISTICS: 
Operating Voltage: up to 300 volts D.C. 
Resistance: up to 21,000 ohms. 

Single or double wound. 

Operating Current: 0.002 Amps., minimum 
Operating Time: 0.060 Secs., maximum 
0.002 Secs., minimum 


CONTACT ASSEMBLY: 


Single or double pileup 
Code #24 Twin Palladium contacts, standard 
Other contacts available. 


MOUNTING: 
Two No. 6-32 Tapped holes, standard 


VARIATIONS: 

Plug-in mounting and terminals 
Printed circuit terminals 

Taper tab terminals 

Metal enclosures 

Hermetically sealed. 





All forms A thru E. 
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your relays 


propose problems? Long life, compactness, high 
reliability and close adjustment! Are these all re- 
quirements for your electronic control, communica- 
tion or data handling application? Then, the multi- 
contact telephone Type 8 relay is for you. To assure 
performance while retaining precision adjustment, 
Type 8 is fitted with a heavy duty bronze armature 
bearing. Standard twin contact springs insure maxi- 
mum reliability with minimum contact resistance. 
Versatile, too, this relay is available with many vari- 
ations in coils, contact assemblies, contact rating, ad- 
justments, terminal arrangements and mountings — 
each combination for a specific application, Single 
or double-wound coils, for almost any voltage or 
current operation, may be equipped with slugs or 
sleeves for time delay on pick-up or drop-out. 

Whatever your specifications, whatever your ap- 
plication—get in touch with the reliable “man from 
PHILLIPS.” Write, wire or phone the Phillips office 
nearest you, 


HERMETIC SEALS, MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS, ACTUATORS 


PHELLIPS 


PHILLIPS CONTROL CORPORATION .. . 


AN ALLIED PAPER CORPORATION SUBSIDIARY 
SALES OFFICES: NEW YORK - PHILADELPHIA - BOSTON - SAN FRANCISCO - DENVER - SANTA MONICA 


JOLIET, ILLINOIS 


WASHINGTON - WINSTON SALEM - CLEVELAND - DALLAS - SEATTLE - KANSAS CITY - ST. LOUIS - DETROIT 


PHILLIPS” 











ratings, and for two or three-phase, 
60-cycles, 208, 22%4,5 or 550-volt op- 
eration. Ratings of two and three-phase 
models are from 14 to 2-hp. 

The Type J power transmitter is also 
available without solenoid control in 
similar ratings. In this case, the motor 
is controlled by lever-operated clutch- 
brake assembly. Two 0.261 diam holes 
are provided in the lever for control 
linkage. Diehl Manufacturing Co., 
Finderne Plant, Somerville, N. J. 


Circle No. 41, Reader Inquiry Service Cards 
preceding back cover 


PRECISION STEPPING 
SYNCHRO 


Utilizing an electro-mechanical _posi- 
tioner to drive the rotor of a differential 
synchro in fixed increments of one de- 
gree, 1 deg stepping synchro produces 
an a-c output that is synchronous with 
rotor position. Rotation of the mecha- 
nism is unlimited in both directions, 





and is operated by an electrical input 
pulse at any speed up to 60 deg per sec. 

Model 89161A-1 stepping synchros 
have integrated into their design manu- 
facturer’s Rotostepper, the shaft out- 
put of which is adapted to accurately 
position the rotor of the precision dif- 
ferential synchro. Model 89161A-1 fits 
needs of complex directional or guid- 
ance systems requiring servo actuation 
in precise increments of rotation. G. M. 
Giannini & Co., Inc., 918 East Green 
St., Pasadena 1, Calif. 


Circle No. 42, Reader Inquiry Service Cards 
preceding back cover 


BERYLLIUM-COPPER STRIP 
FREE FROM SURFACE OXIDES 


Beryllium-copper strip 100 per cent 
free from surface oxides was developed 
to meet demands of fabricators of 
electronic, electrical, aircraft, instru- 
mentation and other industrial equip- 
ment for a beryllium-copper strip free 
from the surface oxides that markedly 
decrease die life, increase the diffi- 
culties of fabrication, and up produc- 
tion costs. 

Another advantage of this beryllium- 
copper strip is that it can be stamped 
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custom welding 


Sylvania develops high-speed, high-volume 
techniques for welding complex assemblies 


Precision welding of a wide variety of 
miniature, subminiature or standard small 
parts is a Sylvania specialty. That’s be- 
cause Sylvania has developed new welding 
techniques, automatic and semiautomatic 
welding equipment as well as trained 
specialists. 

There is practically no limit to the range 
in sizes and types of custom-welded com- 
ponents Sylvania can mass produce to 
close tolerances and at low costs, 


For example, typical production runs 


¥ SYLVANI 


LIGHTING + RADIO + ELECTRONICS 


METAL 
STAMPINOGS 


include welding tungsten to nickel .. . 
molybdenum to nickel . . . stranded ma- 
terials to wire, discs, cups, terminals, 
springs, etc. 

Welding assures better electrical and 
mechanical contact than riveting. Weld- 
ing is more dependable than soldering. 
Components of welded parts are usually 
less costly to fabricate than components 
made from a single piece. 

We will be glad to quote prices on a pro- 
duction run for your special components. 


* TELEVISION 
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ATOMIC ENERGY 


Parts 
actual size 


Sylvania’s Parts Division 
offers complete facilities 
for custom-molded plastic 
parts . . . metal stampings 
... plated or clad specialty 
wire . . . special electronic 
components. For complete 
details of these services, 
write for free copy of: 
“Portfolio of 4-way Service 
to Designers.” 


PARTS DIVISION 


Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 


4-way 
service 
from 
one source 























KLIXON C4391 
Hermetically 
Sealed Thermostat 
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Beryllium copper 





springs provide the 
---High Fatigue 
Resistance 
--. Non-Magnetic 
Properties 
required in these dependable 
KLIXON Motor Relays and Thermo-Snap* 


controls, that’s why... 
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Springs “click’’ with 


KLIXON! 


Klixon Current Type Motor Starting 
Relays, noted for quiet operation and 
trouble-free service, employ I-S 
precision-made Beryllium Copper 
compression-type springs. Klixon 
Thermo-Snap Controls, sealed against 
dirt, oil and atmospheric pressures, 
use I-S Beryllium Copper switch 
blades to provide 
Z 
4 t 



















































long trouble- 
free life. 











*Thermo-Snap and KLIXON 
are Registered Trademarks 


of Metals & Controls Corporation 0 
pooctoo- en - 


Specify |-S Beryllium 
Copper Springs for— 


* High strength * Corrosion resistance 

« Exceptional resistance ¢ Stability at tempera- 
to fatigue ture extremes 

High conductivity * Reduced space needs 


IF YOUR PROBLEM INVOLVES SPRINGS .. . Consult I-S. 
Our engineering expericnce — ranging from household refrigeration 
to jet aircraft —is available to aid you in the design and development 
stage. For recommendations on specific applications, just call or 
write outlining your requirements. Consult Sweet’s Product Design 
File or write for a copy of the new I-S General Catalog. 























--PROCESSED” 


INSTRUMENT 
SPECIALTIES CO. INC. 


254 Bergen Bivd., Little Falls, N.J. 
Telephone: Little Falls 4-0280 
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BERYLLIUM COPPER SPRINGS 
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in the soft stage, and then heat-hard- 
ened. Heat-hardening is easy; no spe- 
cial equipment or engineering know- 
how is required. 

The oxide-free beryllium copper is 
available in thicknesses down to 0.0005 
in., in tolerances as close as +0.000] 
in., in widths from 3/32 in. to 6 in. 
in quantities from 1 to thousands of 
pounds. American Silver Co., 36-07 
Prince St., Flushing 54, N.Y. 
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SMALL MOTOR- 
GENERATOR SET 


Lightweight motor-generator set con- 
verts d-c to a-c. Both motor and alter- 
nator are incased within a common 
frame with single-shaft, two ball bear- 
ing construction, thus eliminating a 
coupling and creating a compact unit. 
The unit frame and side-straddle mount 
panel are newly designed. The all- 





welded structural-steel frame is encased 
with 26-gage stamped sheet steel. 

Machine operates at 1800 rpm. Gen- 
erator a-c output is 120 volts, 1 phase, 
60 cycles, 2500 watts. D-c motor: mini- 
mum voltage, 2714 volts; maximum, 29 
volts. 

A Lee governor controls motor revo- 
lutions. Instrument panel includes fre- 
quency meter, a-c voltmeter and input 
voltage-control rheostat. Lead-wire taps 
can be seen at the lower corners of the 
panel. 

Dimensions: 28 in. long and 17 in. 
high. Weight, 550 lb. Kato Engineering 
Co., Mankato, Minn. 
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COLORED SAFETY HARDENERS 
FOR EPOXY RESINS 


Colored safety hardeners help maintain 
quality control, as well as enhance the 
decorative appeal of epoxy resins. It 
is now possible to add hardeners to an 
epoxy resin and determine from visual 
inspection whether or not thorough and 
adequate mixing has taken place. Stria- 
tions, streaks, and uneven color distri- 
bution would indicate improper mixing. 

The colored hardeners are based up- 
on safety hardeners; they have been 
evaluated in contact with the skin over 
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... completely redesigned 
Performance-Rated ~ 


GEARMOTORS 


Here they are...new improved Century Gearmotors ability! Available with Century polyphase, single 
... Performance-Rated for exact application of motor phase and DC motors. Variety of mounting positions 
to job...embodying that famous Century depend- possible, including downshaft and tilted shaft. 


Improved equipment performance for you with new improved Cav Gearmotors 


No pinion play, no creep even under reversing 
service! Motor shaft machined for high speed 
pinion assembly...pinion splined into shaft and 
rigidly, positively locked in perfect alignment! 


Trouble-free service even under heaviest loads 
and severest operating conditions is provided by 
extra-capacity bearings, integral bearing housings. 


Cooler operation... maximum wear life, and ex- 
tra thermal capacity through improved case design 
and superior oil mist lubrication. Improved oil seals 
keep the lubricant in and foreign matter ouf. 


More dependable power transmission... higher 

capacity and longer wear life with Duti-Rated AS : 1 to 125 HP, 
Lifetime helical gearing. Carefully controlled heat a 

treating processes give file-hard tooth surfaces, 


t h ductile tooth . . . : 
er ee Single, double and triple reduction available 


Permanently accurate alignment of shafts, gears, with output speed 750 to 7.5 RPM. 
bearings and seals assured by extra-rigid, cast 
gear housing. Alignment can't be distorted by 
overhung loads, uneven mounting surfaces, impact. 
Quick easy disassembly for inspection or mainte- 


Century Gearmotor with shelf-type motor base. 
nance without disconnecting from driven equipment. 


Ideal for use on equipment for plants 
Century Gearmotors are Performance-Rated for 


precise application to your equipment require- ae : 
: : i le. t hori- 

ments in the full Century range of motor size, speed, o otto: Mees: Cantery shendapg: hast 

torque, mounting. Available in drip proof, explo- F zontal motor. 

sion proof or totally enclosed frames. 


where motors must be interchange- 


Investigate these improved Century Gearmotors now. For further details, call 
or write your nearby Century District Sales Office or Authorized Distributor. 


Performance-Rated © 


MOTORS CENTURY ELECTRIC COMPANY 


1/20 to 400 HP 


63 1806 Pine Street © St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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advance your fractional HP or Universal Electric Motor program with 


VIOTORK 


Laminations 


Increased motor production, 


lower inventories in your plant 
through flexibility and dependability 

of Motork production schedules 
and raw material supplies. 


Improved motor performance ... 


designs can be held to closer limits 
for greatest unit cost reduction. 
Quality standards are assured 
by the Motork Evaluator. 


Lowest motor core cost 


by the use of equipment 
and metallurgical methods 
designed to put Motork 
10 years ahead. 





Careful studies of MoToRK Laminations in all common motor types 
have been made in Magnetic Metals Company laboratories. Results 
prove advantages of MOTORK over conventional laminations. 
Reports of these studies are available. 


MAGNETIC METALS 


Hayes Avenue at 21st Street, Camden, N.J. 


( (MPANY Electromagnetic Cores and Shields 
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long periods of time and have been 
found to be nondermatitic. 

Colored epoxy hardeners, offered 
with “Epocast” casting and laminating 
resins, are available in red, blue, yellow, 
green, orange and black. Furane Plas- 
tics, Inc., 4516 Brazil St., Los Angeles 
39, Calif. 
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MINIATURE TWIN DIODE 
FOR COMPUTER 
SWITCHING SERVICE 


Twin diode (7-pin miniature type) is 
designed especially for use in switch- 
ing circuits of compact, medium-speed 
electronic computers. Featuring a pure- 
tungsten, low-wattage heater — only 
1.26 watts, — small size (only 1-5, 
in. maximum overall length), and ex- 
ceptional dependability, this new tube 
(RCA-6887) can perform with high 
efficiency in switching circuits of elec- 





tronic computers with one third less 
heater power than conventional twin 
diodes. 

Other design features: A cathode 
made of special alloy to minimize 
cathode interface and _ interelectrode 
leakage in order to maintain emission 
capabilities even after long standby 
periods; a protective shield to mini- 
mize interelectrode leakage; and sepa- 
rate cathodes with individual base-pin 
connections to permit flexibility of cir- 
cuit arrangement. 

The 6887 is manufactured under 
rigid controls and undergoes rigorous 
tests. Radio Corporation of America, 
Tube Div., Harrison, N. J. 
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ELECTRICAL CONTACT 
MATERIALS 


Complete new line of electrical con- 
tact materials is composed of a thin 
contact surface of precious metal metal- 
lurgically bonded to an inexpensive 
base metal. The contact materials are 
available in five varieties of clad-strip 
as well as in “button” or disk” forms. 

Silver is the most widely used con- 
tact material, but where tarnish-resist- 
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If it’s quality you’re after, 


When you buy a quality product you 
want to be sure you get what you 
paid for. That’s why so many of 
America’s leading manufacturers buy 





from Hoover. We’re specialists in qual- 
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call a Hoover Man 


ity aluminum and zinc alloy die cast- 
ings. Our quality-control program is 
second to none. Why not let one of 
our Sales Engineers tell you about us? 
A phone call or letter will bring him. 


Hert THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 os 


DIE CASTING » HOOVER 
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ENCAPSULATION 
and EMBEDMENT 


eo 


_ Complete production facilities for encapsula- 
tion and embedment utilizing “Luxolene” epoxy 
resins. 


e ELECTRONIC ASSEMBLIES 
e ELECTRICAL INSULATORS 
@ SPECIAL SHAPES AND DESIGNS 


e THIN WALL EPOXY TUBING 
(Plain and Glass Reinforced) 


e ELECTRIC COIL WINDING 


e EPOXY RODS 
(Plain and Glass Reinforced) 


e COLORS 

e COMPOUNDING FACILITIES 
“*SPECIALISTS ON BPOXY’* 
Write Dept. E For Complete Details 


DELUXE COILS, INC. 
Post Office Box 364 Vth ye 











Indiana 


ero 


HOUR METER 


cad 


HOUR METERS TAKE AWAY THE GUESSWORK 


Beat down-time on production equipment! Maintenance record systems are of value 
only when they are based on accurate operating time. The Hobbs Hour Meter 
furnishes the time data essential for a genuinely effective maintenance program 

. . and time information vital for cost and production records. Compact and easy 
to install on any equipment operated by alternating current. Ruggedly built . . . 
sealed against dust and moisture. Easy to read. 


@ Write for Catalog AC-587 for complete information. 


JOHN W. Hobbs CORPORATION AN] 


2078 YALE BLVD. SPRINGFIELD, ILLINOIS 
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ing characteristics are specified, sur- 
face claddings of gold, platinum, 
palladium and their alloys can be 
supplied. Steel is a common hase 
metal. ranging down to the 
ultra-thin, rolled to high-precision tol- 
erances, are now in production. Ameri- 
can Silver Co., Inc., 36-07 Prince St., 
Flushing 54, N.Y. 
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DATA READOUT COUNTERS 


Series of electrical data readout coun- 
ters has been developed to perform the 
multiple functions of direct indication, 
remote indication, recording, and con- 
trolling. 

Either electrically or mechanically 
actuated and offering manual or elec- 
trical reset, the units automatically 
create specific contact closures for each 
reading visually displayed. The elec- 
trical circuits can readily be employed 


to furnish data for remote indication, 
remote printing or logging, and remote 
or direct card or tape punching. 

Serial or parallel transmission of 
data can be accomplished through the 
use of sequence scanners or direct con- 
nections. Transmission may be contin- 
uous or intermittent with the counter 
providing data storage. The compa- 
tibility of the units with standard com- 
mercial equipment make the counters 
eminently suitable for use with many 
types of data processing, data reduc- 
tion, and industrial control systems. 
Veeder-Root Inc., 20 Sargeant St., 
Hartford 2, Conn. 
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BALL AND DISK 
INTEGRATORS 


Extremely accurate ball and disk inte- 
grators are now included in a standard 
line of electromechanical breadboard 
parts. 

The integrators are designed for use 
in computing systems requiring the me- 
chanical solution of differential equa- 
tions. Other applications include use 
as a control or sensing element in servo 
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MICRO: 


If you work with small instrument type bearings 
you'll find this new, authoritative publication an 
extremely valuable and handy source of engineerin 
data arranged in convenient form for caaieel 


reference. 
LOOK AT THESE FEATURES... 


@ A helpful survey article: ‘“‘racrors To CONSIDER IN 
SELECTING SMALL INSTRUMENT BALL BEARINGS.” 


@ Acomplete, practical presentation of bearing facts: 
Types of bearings Dynamic and static loads 


Materials Lubrication 
Components Radial and Axial play 
oe bi /WRITE TODAY... GET YOUR NAME ON OUR 


Tolerances Mounting practice etc. 
1 PRIME DISTRIBUTION LIST FOR MAILING 


PEPUU ages 
Ace eee 


@ Large, clear illustrations. 

@ Big, easy to follow charts. 

@ Convenient nomographs and conversion charts. 

@ Simple bearing designations make ordering easy. 


NEW HAMPSHIRE BALL BEARINGS, INC., ot aa LL Hampshire 
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systems or as a servo-system output in 
late generators. 

The ball carriage has a 2-in. maxi- 
mum travel: recommended maximum 
output torque is 5 oz-in. Torque re- 
quired to move the ball carriage at its 
input shaft is 1 oz-in. 

Maximum disk input torque required 
at zero load is 3 oz-in.; maximum rec- 
ommended speed of the integrator is 
1000 rpm. For durability and accuracy, 
the integrator disk is hardened to Rock- 
well C65 and precision lapped to super 
finish. Helipot Corp., Newport Beach, 
Calif. 
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HEAT-DISSIPATING TUBE 
SHIELD FOR FLAT PRESS 
SUBMINIATURE TUBES 


Subminiature tube shield mount fea- 
tures right-angle design with an in- 
tegral socket for 3, 4, 5, 6 and 7-pin flat 
press subminiature tubes. The right- 
angle configuration provides tube re- 
tention through the special metal-to- 
glass contact method on the bulb, along 
with the precision fit of the socket. In- 





creased tube life and reliability through 
a combination of reduced bulb tempera- 
ture, maximum tube retention under 
severe shock and vibration, and excel- 
lent electrostatic shielding are among 
the advantages offered. 

Subminiature right-angle tube mount 
shields for flat-press tubes using inline 
sockets may be ordered with or without 
sockets assembled. Design provides 
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close-control RHEOSTATS 

a a age All-ceramic and metal, close-control rheostats for 

unsurpassed dependability and smoothness of operation. 

I] re ld | y Ten stock sizes, 25 to 1,000 watts. 
wire-wound RESISTORS 

. A wide range of dependable, fixed, adjustable, tapped, 
and noninductive power wire-wound resistors. Also 

a wide range of precision resistors. 


; general-purpose RELAYS 
with 


65 Types in four stock models. Good delivery on made-to-order 
relays. Contact current ratings up to 25 amps, AC or DC. 
Wide variety of contact arrangements. Hermetically sealed 


or dust-protective enclosures available. 


° high-current TAP SWITCHES 
Five compact models, up to 100 amperes, AC, up to 12 


taps. All-ceramic and metal construction. Silver-to- 
silver contacts, with self-cleaning rotor contact. 


COMPONENTS radio-frequency CHOKES 


Single layer R.F. plate chokes and power line chokes 
on steatite or plastic cores. Protected by a special 
moisture-resistant coating. 
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RHEOSTATS + RESISTORS « RELAYS * TAP SWITCHES * TANTALUM CAPACITORS 


ie, Illinois 


OHMITE MANUFACTURING COMPANY ¢ 3613 Howard Street, Skok 


¥ 









HIGH QUALITY, ALL-PURPOSE RELAYS... 
RUGGED, DEPENDABLE FOR LONG LIFE! 


g 


Current ratings up to 25 amp, AC or DC. 
Also made-to-order models in many contact 


ao combinations and coil voltages. 







ae . 
ae ary 


65 Us 


stock models 








HERMETICALLY SEALED OR 
DUST-PROTECTIVE ENCLOSURES 





ae 


RHEOSTATS « RESISTORS © RELAYS ¢ TAP SWITCHES 








cooling of the entire bulb surface in- 
cluding the flat press end. 

Shields are silver-plated overall with 
inner wrap of pure silver for maximum 
heat conductivity. Spring clip and 
right-angle base are of beryllium cop- 
per. International Electronic Research 
Corp., 145 West Magnolia Blvd., Bur- 
bank, Calif. 
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SINE-COSINE FUNCTION 
POTENTIOMETER 


With Model C-300, high-precision 
sine-cosine function potentiometer, two 
separate voltage outputs may be ob- 
tained in this single three in. enclosed 
unit. Independent brush contacts are 
mounted on a common shaft 90 deg 
apart to produce accurate sine and 
cosine voltages. Function accuracies of 
1 per cent are standard; function 
angle is 360 deg. Either sleeve or ball 





bearings can be supplied in one-piece 
precision-machined aluminum housings. 
Mounting designs include servo, three 
hole with central pilot, or threaded 








bushing. Multiple ganged units are | 


available with sections in simultaneous 
or other conformity. 
All insulating materials and metals 


are selected and/or treated for maxi- | 


mum resistance to humidity and salt 
spray. Electronic Sales Div., DeJur- 


Amsco Corp., 45-01 Northern Blvd., | 


Long Island City 1, N.Y. 
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SHAPED WIRE 


Shaped and flat wire is available eco- 
nomically due to a newly developed 
combination drawing and rolling pro- 
cess. The new process creates shaped 
wire and rod of Monel, Inconel, Inconel 


X, Nickel and Techalloy Stainless | 


Steels, as well as other special heat and 
corrosion resisting alloys. 


A wide variety of shapes in these | 
drawn-and-rolled heat and corrosion re- | 
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GENERAL ELECTRIC TSA-18 TIMER 


Sat a 
AT 


There’s a G-E Interval Timer to meet your problem 
whenever you need to achieve precise, automatic 
timed control with MOTORS, RELAYS, SOLENOIDS. 


Save Money, Manpower with 
Automatic Timed Control 
of Machines and Processes 


On all machines or process equipment where time or timing cycles 
are an important factor, General Electric TSA-18 Timers can 
reduce operating costs by freeing operators for more productive 
work and reduce waste and spoilage of material. 

USED FOR THE AUTOMATIC start/stop of motors and the timed 
control of solenoids and relays, the TSA-18 offers you reliable 
control of time cycles, or combinations of time cycles, from 30 
seconds to 30 hours. Setting accuracy of 1%, and repeat accuracy 
of 4% assure precise control for the most critical applications. 
When required, the standard TSA-18 timer may be equipped with 
automatic reset and automatic recycling. 

138 DIFFERENT MODELS of the TSA-18, plus many varied com- 
binations of wiring, assure you of obtaining the exact time con- 
trol, or combinations of time control, needed for your particular 
application. No matter what is required—regular interval timing, 
remote actuation, automatic resetting, automatic recycling, or 


sequential operation of several timers . . . they’re yours with the 
TSA-18. 


FOR INFORMATION as to exactly how the TSA-18 timer can save 
money and manpower on your machines or process equipment, 
contact your nearby G-E Apparatus Sales Office . . . or write for 
bulletin GEC-1223 to General Electric Co., Section 584-11, 
Schenectady 5, New York. 


GENERAL @@ ELECTRIC 


RELAYS 
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FTOM 005” wire 
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yy to Ye" wire 


Whether your de- 

signs call for small 
precision springs or 

any of the big rugged 
fellows (such as we’ve 
been producing for years 
for the leading farm imple- 
ment people), we'll wel- 
come the opportunity to 
quote on your require- 
ments. By “requirements” 
we mean utmost reliabil- 
ity and adherence to de- 
livery schedules—as 

well as competitive 
pricing. 





BEFORE YOU PLACE YOUR NEXT SPRING ORDER: 


1) Are you getting design engineering service from your present 
source of supply? 


2) Does your supplier have 200,000 square feet of space devoted 
to the production of all types of large and small spring items? 


3) Does your supplier maintain a large raw material inventory to 
service your needs? 


4) Do your price and delivery quotations satisfy you? 


IF NOT, CALL, WRITE or PHONE: 





AMERICAN 
SPRING & WIRE 
SPECIALTY 

COMPANY sss 





sisting alloys can be specified. Maxi- 
mum dimension must not be over % in. 
Sizes down to 0.002 in. have been made. 
Choice of packing is available: coils, 
spools or straight lengths. Techalloy 
Co., Inc., Rahns, Pa. 
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DOUBLE-ENDED MINIATURE 
COIL FORM 


Double-ended miniature coil form that 
allows space for primary and secondary 
windings, has separate tuning slugs 
for independent tuning of each sec- 
tion. The new coil form, LS-14, is 
compact. rugged and ideal where re- 
liability is critical. Dimensions: ¥ in. 
OD and 1-13/64 in. overall length, 
excluding tuning slugs. The unit is 





available with up to six terminals and 
mounts by means of a threaded middle 
section. Interior of the LS-14 is made 
up of powdered iron components; the 
main housing is nickel-plated brass. 
Tuning cores of the unit are held in 
adjustment by built-in locking devices. 
The LS-14 is available in several differ- 
ent frequency ranges. Cambridge 
Thermionic Corp., 445 Concord Ave., 
Cambridge 38. Mass. 
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MOLDED TAPER PIN 
TERMINAL BLOCKS FOR 


SOLDERLESS WIRING 


Improved terminal block design fea- 
tures precision-reamed tapered recepta- 
cles to accommodate solderless connec- 
‘ions (AMP Series “53” taper pins). 
Positive locking is secured between the 
taper pin and molded-in machined 
tapered receptacle. 

Series 145-58 taper pin terminal 
blocks are fabricated in a single row of 
20 contacts, in 10 dual contacts and in 
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New MTB unit ... Type C Hipersil core gives 
unit superior performance; up to one-third smaller 
for minimum panel space; optional Add-A-Part 
fuse blocks and breakers reduce your transformer 
inventories. 








; 


i. 


ca 





... BETTERS NEMA REGULATION 


Here is a new high in electrical performance for trans- 
formers used on machine tools and electrical controls. 

The new Westinghouse MTB transformer has 30% 
better regulation than the NEMA standard. This 
means that you can use a lower rated Westinghouse 
transformer—a smaller, more compact transformer. 

This performance is attained—in the 44 through 
114-kvaratings—with Westinghouse Type C Hipersil® 
cores. The high permeability of Hipersil permits 
operation at higher flux density and means fewer coil 
turns and smaller coils. 

Coils are made with famous Bondar* coated 
wire—the Westinghouse insulation with a life 


You CAN BE SURE...1F ITS Westinghouse 
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STANDARDS BY 30% 


expectancy of more than three times that of conven- 
tional insulation. 

And for more design flexibility—the new Add-A- 
Part feature. In ratings .075 to 1.5 kva, separate 
fuse blocks may be mounted. For transformers from 
1.0 to 1.5 kva, a Quicklag® circuit breaker can be 
added—a Westinghouse exclusive. This Add-A-Part 
feature permits control builders to maintain lower 
transformer inventories. 

So, for the biggest saving in small transformers, 
get in touch with your Westinghouse representative 
or write Westinghouse Electric Corporation, P. O. 
Box 868, Pittsburgh 30, Pennsylvania. 


*Trade-Mark 
J-70801 
ks S ¥5 
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for longer 
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Kirkwood STEEL CORE and 
MOLDED CORE commutators 


make motors last longer 


because they are precision 
made to withstand extreme 
variations in heat, speed and 
vibration. 


Motor production is speeded 
up because Kirkwood commu- 
tators, ranging from 9/32” to 
50” dia., are machined to fit 
ate iM Miles mee 


Kirkwood engineers will glad- 
ly work with you in designing 
new commutators for special 
Send us 
Le 


applications. Als 


Write for Catalog 3A 


COMMUTATOR COQ. 


OVER 25,000,000 NOW IN USE 
ree SR ees ee 
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10 single contacts. These may be or- 
dered in any pair of combination of 
shorted contacts. Molded or eyelet holes 
are provided for ease of stacking and 
assembly. Series 145-48 taper pin ter- 
minal blocks are fabricated in 20 rows 
of triple-stacked contacts arranged in 
any desired shorting combination. This 
series is supplied with perpendicular 
and right-angle holes for mounting. 
Taper receptacles are gold-plated- 
brass over silver for low-contact resist- 
ance. Bodies are molded of high-impact 
reinforced glass-filled Alkyd, type 440A. 
(Other molding materials on request.) 


Electronic Sales Div., DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long 


Island City 1, N. Y 
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MINIATURE SWITCH WITH 
360 DEGREE ROTARY 
MOTION 


Hermetically sealed limit switch, Model 
9135, has a 360 deg rotary action with 
180 deg pretravel, 180 deg over-travel. 
Available in two models for different 
applications, it comes with potted leads 
or pin connectors. 

Model 9135 can be mounted flat with 
four fasteners or mounted vertically 





behind a retainer with washer and lock- 
nut. Extremely compact, it measures 
2 x 134 x 1 in. Case is heavy nickel 
silver and qualified to withstand great 
shock and permit operation under se- 
vere environmental extremes. 

The limit switch operates at 28 volts 


d-c or 110 volts d-c with a 10 amp re- | 








When to specify 
VULCAN 
ELECTRIC FINNED 
STRIP HEATERS 


1. When application is for: 
Blower type electric unit heaters, 
duct heating, wnit convection heat- 
ing, as oven or space heaters in 
dryers, pump rooms, switch 
towers, etc. 


2. When specifications call 
for: Steel sheath for sheath tem- 
peratures to 750°F; Chromalloy 
sheath for sheath temperatures to 
1200°F; length — 10%” to 
422” (or higher); wattage — 
500 to 3250 (or higher); voltage 
— 115 or 230; rugged non- 
oxidizing terminal posts. 


3. When you have “hot” 
problems: Vulcan Engineers are 
ready to provide special heating 
units — engineered to your needs. 


NEW FINNED 
TUBULAR HEATERS 


Vulcan’s new Finned Tubular 
Heaters provide six times as 
much radiating surface as stand- 
ard tubular heaters. Fin is spirally 
edge wound from continuous 
strip of steel, then silver brazed 
to surface of sheath. Heaters can 
be formed at factory into one or 
a series of hairpin bends. 


Write for free catalog. 


ELECTRIC COMPANY 
DANVERS 2, MASS. 
Cartridge « Strip « Tubular « Immersion Electric 


Heaters . Soldering and Branding Irons 
Solder and Glue Pots 
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Machine designers say these new 


heavy duty pushbutton units have no equal and prove it 


by adopting them as standard equipment 


These are the world’s smallest heavy duty 
pushbuttons. They require a behind-the- 
panel depth of only 1 3/32”. This is 40% 
less space than needed by the next small- 
est units on the market. Double-pole 
contact blocks are available in all com- 
binations of normally open and normally 





These pushbuttons may be flush type, ex- 
tended type or with mushroom-heads. .. in 
a wide range of colors for quick control 
identification. Standard, large, and jumbo 
size legend pilates fit every type of operator 
and indicating light in the entire line. 





Se fo 





closed contacts. Each control circuit is 
electrically and mechanically isolated 
from the other. Each circuit is clearly 
identified and all terminals are color 
coded. Rapid on-the-job circuit additions 
are obtained by stacking contact block 
on contact block. 


A maintained-contact 
pushbutton assembly 
that saves more than 
its entire cost by in- 
Stallation savings. 
New attachment with 
its pushbuttons mount 
in minutes; no fussy 
adjustments. Neither 
alignment nor spacing 
of units is critical. 
Pushbuttons will not 
bind or stick; always 
operate perfectly. 





w they install easier 
w they work better 
w they last longer 


Design engineers are quick to recognize that 
these new heavy duty pushbuttons have every- 
thing. There is nothing on the market like them. 

They are amazingly compact to require the 
least back-of- panel depth. They are one-hole 
mounting and they are oil tight. They easily 
provide for as many as eight separate contro: 
circuits per pushbutton, eight completely iso- 
lated heavy duty contacts either normally open 
or normally closed. The buttons may be flush 
type, the extended type or with mushroom 
heads. They can be black, red, yellow, green or 
gray. See the new one-button control station, 
C-H Roto-Push. See the easiest-to-install main- 
tained-contact pushbutton attachment and the 
means for padlocking any of the standard push- 

buttons. There are both knob and key operated 
selector switches in this complete line. Also 
matching indicating lights and the new auto- 
mation safety light, PresTest. Be sure you 
have complete information now. Write today 
on your company letterhead for a copy of the 
new Cutler- Hammer Pushbutton Handbook 
Pub. EL-178. CUTLER-HAMMER, Inc., 
1264 St. Paul Ave., Milwaukee 1, Wisconsin. 


CUTLER-HAMMER 
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PresTest.. 
Vital to safety and proper use of machines, 
particularly in automation. PresTest now 
permits instant proof light is NOT off be- 
cause of burned-out bulb. Merely pressing 
on the light lens disconnects bulb from its 
normal circuit and checks it on a test power 
supply. 
iE available. 


The C-H one-hole mounting oil- 
tight indicating lights with new 
wide-visibility lenses are the most 
visible from all angles by actual 
light meter tests. Available in 
either transformer or resistor 
types. Lenses offered in six dif- 
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. the self-testing indicating light. * 


Resistor and transformer types * 


The most complete 
line of oil-tight 
selector switches 
on the market. Key 
or knob operated; 
two or three position. Positions may 
maintain contact or have spring return. 
Three standard contact blocks provide 
a wide range of circuit combinations 
with the use of just a single block. 


Unlimited circuitry by adding blocks. 





Roto-Push ...the one-button contro! 
Station. “One Roto*Pusth carl provide 
all the controt functions for which two 
or three separate pushbittons- would 
be used normally. Available in a wide 
range of selector and button operators, © 
Roto-Push simplifies panel design and 

saves installation time to cut costs. 


Improves machine-operator efficiency. d 
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shake...rattle...or roll 











Everlock Sems are available in a wide 
range of types and sizes. Ordering 
“Sems”" is not enough, only Everlock 
Sems, preassembled lock washers and 
screws, have the exclusive, full chisel 
locking action. 


Vibration can shake sales and profits apart in 
almost no time if the fasteners you use to 
assemble your products can’t take it. Customer 
complaints, returns, or assembly rejects quickly 
pare profits to the vanishing point. Yet, actu- 
ally, the problem of loose fastenings can be 
beaten, easily and at no increase in cost. 

Everlock lock fasteners’ exclusive chisel lock 
can’t work loose. Once set, they stay that way! 
The chisel lock actually takes a better bite and 
tightens when subjected to vibration, jarring, 
impact or other product abuse. 

Everlock lock fasteners are readily available 
in stock sizes and designs, or special designs, 
that end your particular loose fastening prob- 
lems... for good! Call your nearest Everlock 
representative today for details. 






Another Product 
i enannenennemenmnl a ee 


Pane 


WRITE FOR 
FREE CATALOG... 


INDUSTRIAL FASTENERS 


THOMPSON-BREMER & CO. 


514 North Dearborn Street @ Chicago 10, Illinois 
Subsidiary of AMERICAN MACHINE & FOUNDRY CO. 


Check the Alphabetical Listing in Your Telephone Book: 


EVERLOCK REPRESENTATIVES D. G. Teeling Co 


Indianapolis, Ind 

J. J. Mcintosh Scott & Steffen, Inc. James E. Cleary 

Atlanta, Georgia Cleveland, Ohio Marblehead, Mass. 
C. L. Martin Sales Corp. Kenneth D. Delanoy Thom Lundeen 

Baldwinsville, N. Y Dayton, Ohio Moline, Ilinois 
Richard C. Dudek Sam T. Keller Co J. Ramsey Reese, Inc 

Beverly Hills, Calif. Detroit, Michigan New York, N. Y. 
W. L. Barth, Jr C. W. McNeil, Inc 


Hank Workman 
Chicago, Illinois Houston, Texas leasure Ridge, Ky. 


IN, CANADA: P. L. Robertson Mfg. Co., Ltd., Milton, Ontario 


Philadel 


Howard N 
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Rochester, N. Y. 
Forrest Moschner 
St. Louis, Mo. 


Exclusive Everlock 
Chisel Edges firmly 
grip both the 
fastener and 
the product! 


EVERLOCK LOCK WASHERS 


in all standard sizes, 
are available with either 
internal or external chisel 
locking action. 


hes - 


EVERLOCK LOCK NUTS 


are available in standard 
sizes and threads, simplify 
ordering and stocking. 


My 
e — 





EVERLOCK TERMINALS 


fasten tighter... give a 
better electrical connection. 


W. Henry Cordray Sales Co 


phia, Pa 


Oregon Indust. Factors 
Portland, Oregon 


Clark 
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sistive rating. 4 amp inductive. At 110 
volts a-c (60-400 cps or 220 volts) the 
resistive rating is 10 amp. Rated life: 
100,000 cycles. Haydon Switch Inc., 
Waterbury 20, Conn. 


Circle No. 55, Reader Inquiry Service Cards 
preceding back cover 


PUSH-PULL SWITCH 
AVAILABLE ON PRINTED- 
CIRCUIT-TYPE CONTROLS 


New type of line switch, featuring push- 
pull action, is now available on printed 
circuit type volume control. The line 
switch closes the line circuit when the 
control shaft is pulled out, and opens 
the circuit when the shaft is pushed in. 
This action eliminates need for read- 
justment of volume every time the radio 
or television set is turned on. Contact 





is made by free floating rings of com- 
pany’s contact alloy, which rotates 
slightly with each operation, distribut- 
ing wear around the entire ring. Over- 
loads cannot cause loss of spring ac- 
tion, since only the rings carry current. 
A complete line of controls for 
printed-circuit applications, including 
types for mounting horizontal or ver- 
tical to the printed-circuit panel, are 
now available with the push-pull switch. 
P. R. Mallory and Co., Inc., 3029 E. 
Washington St.. Indianapolis 6, Ind. 


Circle No. 56, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE THERMAL 


RELAYS ARE HERMETICALLY 
SEALED 


Features of a new thermal relay include 
metal headers bonded to glass tubing 
for visibility of interior; the units are 
quality-controlled to provide 99.99 per 
cent plus reliability. Relays are de- 
signed on the “fuse burnout” principle 
and permit wide latitude in systems de- 
sign. 

Used extensively on missiles, the re- 
lays are also designed for computers, 
telemetering, printed circuits, dry-cir- 
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Portion of Eclipse-Pioneer’s synchro calibration and test facility. 





WHY IT PAYS TO SHOP AT THE BENDIX “SUPERMARKET” 


— NATION’S LARGEST PRODUCER OF SYNCHROS 





SHAFT POSITION-TO-DIGITAL CONVERTERS 


In buying precision synchros, 
doesn’t it make a lot of sense 
to insist on getting exactly 
what you want, when you want 
it—and at minimum cost? 
Best way to be sure you get 
Eclipse-Pioneer Coded Commutator type shaft position-to- all three is to depend on the 


digital converters are miniature devices for converting Bendix ‘““Supermarket’’. 
Analog information to Binary Digital form. Designed for 


Dighe!l contval system, dete procesing equpnen, Our mass synchro production facilities . . . the nation’s largest 
telemetering applications, or computers. Especially suited . are constantly turning out just about all types of synchros 
to at-home we. imaginable. This means we can offer you immediate delivery of 
most synchro types—and minimum cost on all synchro types, 

Model GS.1-Al Model GS-2-Al even for small quantity orders. 


Specifications: 





Type output 8 digit gray (Reflected 7 digit Natural Binary You can depend on the quality of Bendix synchros, too. They 
Binary Code) Code (double brush) . ‘ ’ 


Shoft resolution 1 port in 256 tpn will equal . . . or exceed . . . the accuracy of any other synchros 
Current rating | .015 amps. (max.) per digit | .015 amps. (max.) per digit made today. Sound reasons why you’ll be ahead to rely on the 
_with non-inductive loading | with non-inductive loading . d / 


‘Shaft speed “Max. continuous input of | Max. continuous input of experience and mass-production facilities of Bendix. 
_150 revs. per minute | _'150 revs. per minute | 
Input torque 0.2 ounce-inch (max.) at 0.4 ounce-inch (max.) 


District Offices: Burbank, Calif., Dayton, Ohio, Seattle, Wash. 
Siamaner of cul 15/16 inch 15/16 inch Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 





Eclipse-Pioneer Division “Condi” 


Teterboro, WN. J. AVIATION CORPORATION 
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NEW... 


TEFLON- 


LACING 


216 


GLASS 
FIBER 


TAPE 


BENTLEY, HARRIS Uerglas: INSULATIONS 





New Ben-Har Braided Lacing and Winding Tape 
combines two superior insulation materials—DuPont 
Teflon and glass fibers. Fibers are Teflon coated 
before braiding to maintain rough texture and assure 
tight knots—and to eliminate abrasive action of the 
glass. Ben-Har Tapes will not shrink and cut 
through insulated wires. They are pliable from 
100°F. to 500°F. They are non-absorbent and inert 
to most known chemicals and oils . . . completely 
wax-free and fungus proof. 
Available in 3/64, 1/16, 3/32 and 1/4 inch widths, 
in Offwhite. Also available in 8 colors and Black on 
special order. Write for prices and samples. 
BENTLEY, HARRIS MANUFACTURING Co. 


2203 
2203 Barclay St Conshohocken, Pa. 


*T.M. Owens-Corning 











FARE 270) BLEU INIUAL MANUPFAU LURES 
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cuit switching, and specialized elec- 
tronic devices. 

Withstand extreme conditions of tem- 
perature (—100 to 450 F), shock (200 
G). vibration (20-3000 cps). Networks 
Electronic Corp., 14806 Oxnard St.. 
Van Nuys, Calif. 


Circle No. 57, Reader Inquiry Service Cards 
preceding back cover 


EXTRA-NARROW PRESSURE- 
SENSITIVE TAPES 


New slitting technique produces stand- 
ard 60 yard rolls of any pressure- 
sensitive tape in precision widths as 
narrow as 1/32 in. Useful for printed- 
circuit master drawings, the tapes can 
be obtained in all widths of narrow 
black photographic tape ready for 
same-day shipment, including 1/32 in., 
1/16 in., 3/32 in., 1/8 in., 5/32 in., 
3/16 in., 1/4 in., 3/8 in., and 1/2 in. 
Decimal sizes are produced on short 
notice. By-Buk Company, 4314 W. 
Pico Blvd., Los Angeles 19, Calif. 


Circle No. 58, Reader Inquiry Service Cards 
preceding back cover 


HOT WIRE STRIPPER 


Designed especially for difficult wire 
stripping problems, Model B hot wire 
stripper removes plastic insulation from 
large coaxial eable down to the finest 
plastics-insulated stranded wire. 

The stripper will remove most types 
of plastics insulation such as vinyl, 
nylon, and polyethylene (but not Teflon 





or rubber). Using a heated nichrome 
filament to sever insulation, it is im- 
possible to cut or nick even the finest 
wire strands since no sharp blades are 
used. Adjustment for various types and 
sizes of wire is not necessary. 

The stripper unit is fabricated from 
lightweight aluminum. An adjustable 
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POWER * TRANSISTORS 


High power ratings 

High power gain 

Rugged, compact mechanical design 

Welded, hermetically sealed package for stability and long life 
Excellent heat dissipation characteristics 


Now Clevite can supply you with power transistors that fit 
your needs for audio applications, portable power supplies, 
etc., from a full line of six types. All are available in produc- 
tion quantities. All are rated at 25 watts continuous operation 
with infinite heat sink — 15 watts with 36 sq. in. heat sink. 

Clevite Power Transistor packaging is compact. Hermetic 
sealing under carefully controlled conditions insures stability 
and long life. Low thermal resistance between collector junc- 
tion and large copper flange insures excellent heat conduction 
from the package to the heat sink. 


CLEVITE 


TRANSISTOR PRODUCTS 


241 Crescent St., Waltham 54, Mass. TWinbrook 4-9330 
See us at the I.R.E. Show Booths 2616-2626 


Clevite Divisions: Brush Electronics Co. @ Cleveland Graphite Bronze Co. @ 
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Clevite Power Transistors are 
used in leading auto radios. 


OUTLINE SPECIFICATIONS 
a ————$—$—$__——> 


| CTP 
2N257 j 1104 


oe wr 
1108} units | 


CTP CTP 
2N268| 1111] 1109 


| 


ss 
Instantaneous 
Collector-to-Base 
Voltage (absolute | 
maximum) | 
Junction 
Temperature 

(absolute 

maximum) 
Average Total 
Power Dissipation | 

(with inf.heat | | | 

sink @ 25°C) | 25 25 | Watts | 
Average Total i | j 
Power Dissipation} i 

(with 36 sq. in, | | 

heatsink@ | | 

25°C) 15 15} 15 | 15 | 15 | 15 | Watts | 


PowerGain | 284 234 304 232] 27% 20% ap | 
ff | 4 rs 4 | kc/s 
Frequency Cutoff | | | ke 


ener 


500 ma; Ri = 30M (choke coupled); Re=10 


| ct. | 
t - 
| | 

} 


—80 | —40 | -—40 0 }|-20 | Volts 


| 
| 


| 


= 500 ma; Ru = 15M (choke coupled); Re = 10M 


Write for Data Sheet B-211 


Clevite Harris Products Inc. 


@ Clevite Research Center @ Clevite Lid, 


- 


‘ 
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How CHACE 


Thermostatie 


Bimetal Actuates 
the 


FRANKLIN 
DALES 


The Temp-Guard is an ex- 
tremely compact, self-contained 
and sealed tubular type circuit 
breaker manufactured by The 
Franklin Dales Co. Numerous 
variations of standard models 
are used in applications such as 
electric motors, operating on- 
off cycling systems, detecting 
fire and activating alarms, pro- 
tecting electrical appliances, 
controlling regulating systems, 
automatically making or break- 
ing current to solenoids, trans- 
formers, etc. The accuracy and 
dependability of this interesting device hinge upon its actuating 
element of Chace Thermostatic Bimetal. 

The photo shows a typical Temp-Guard actual size. Others 
vary from 15%" to 334” in length. The sectional drawings show 
four representative types of circuits; the DR models have the 
thermostatic bimetal element in contact with the case; the DA 
models have element insulated from the case. The numeral ‘2” 
indicates that case does not carry current. Parts numbered in the 
drawings are: 


DA 201 





1. Contacts 

2. Thermostatic Bimetal Element 
3. Conductive Strip 

4. Insulation 


In all examples, the bimetal element deflects in response to 
changes in ambient temperature or heating of the element due 
to overload, making or breaking the circuit. 


Remember Chace when you design for temperature actuation or indica- 
tion, or for protection of valuable equipment. Dependable Chace 
Thermostatic Bimetal is available in 28 types, in strip, coil or completely 
fabricated and assembled elements made to your specification. Write 
for new 44-page booklet, “Successful Applications of Chace Thermo- 
static Bimetal,"’ containing interesting uses of bimetal and many pages 
of engineering data. 


W. M. CHACE CO. 


Theunostalic Bimelal 


1608 BEARD AVE., DETROIT 9, MICH. 








‘alba nasal) 


i a lta 








stop permits stripping a predetermined 
length of insulation. Power is supplied 
from the regular 115-volt a-c supply 
through a stepdown transformer housed 
in a metal box. Also provided are an 
on-off switch and metal clamps to hold 
the stripper when not in use. Western 
Electronic Products Co., 655 Colman 
St., Altadena, Calif. 


Circle No. 59, Reader Inquiry Service Cards 
preceding back cover 


TRANSISTOR-MAGNETIC- 
REGULATORS CONTROL 
400-CYCLE ALTERNATORS 


Two models of a transistor-magnetic- 
amplifier regulator have been designed 
to control virtually all present day 
exciter-excited 400-cycle generators. 
Type STR will regulate at 120, 208. 
or 440 volts, over a range of 380 to 420 
cps. As available from stock, Type STR 
is usually supplied with three-phase 





sensing, but is also offered with single- 
phase sensing. Installation is easily 
made. 

Type STR regulator is said to guar- 
antee that alternator output voltage 
will stay within +% per cent for all 
steady-state load conditions over the 
entire frequency band. Inherent re- 
sponse time is 400 sec. 

The four elements of which the 
Magohm Type STR is comprised—gen- 
erator; voltage detector; voltage refer- 
ence; transistor-magnetic amplifier and 
stabilizing network—operate at con- 
servative ratings, assuring long life. 
Electric Regulator Corp., Norwalk, 
Conn. 


Circle No. 60, Reader Inquiry Service Cards 
preceding back cover 


Postcard return cards are provided 
on preceding back cover as a con- 
venience to the reader in obtaining 
further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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Quick facts for those who apply and specify electric motors 


Eye Appeal: New Requirement in Motor Design 
















As the trend to automation accelerates and the number of individual 
drives per machine increases, electric motors become, more than ever, 
an important element in the overall appearance of many machines. In 
designing the Howell Series 100 motors in the new frame sizes, Howell 
engineers set up the list of design requirements shown below. For evi- 
dence of how they met them, see the totally enclosed fan cooled motor 
at right and the detail sketches below it. 

When you're specifying motors, why not specify for streamlined ap- 
pearance — in addition to the top performance you need? It’s a bonus 
value that costs no more and you'll be matching functional efficiency 
with sleek good looks. 


HOWELL SERIES 100 TEFC EXTERIOR 
DESIGN REQUIREMENTS 


© Fan cover, end-plate and frame 
to join so as to produce flush ex- 
terior surface. 


© No fins, ribs or other protrusions, 
other than conduit box and feet, 
around entire diameter of frame. 


© Joint between frame and end- 
plate to present flush exterior 
surface. 


@ Ventilation ports to carry out 
contemporary streamlining, offer 
minimum obstruction to passage of 
air, and meet or better NEMA 
specifications for safety. 


© Grease fittings, top-ball type, to 
be located for (1) easy accessibility 
(2) maximum protection against 
damage. 


© Fan guard openings to incorpo- 
rate distinctive design and to meet 
or exceed NEMA specifications for 
safety. 


@ Mounting feet to eliminate ex- 
cess bulk and weight, utilize steel’s 
strength to best advantage. Contours 
to present good appearance. 


Series 100 enclosures: totally enclosed Get complete details on these 
fan cooled, open drip-proof, splash- 
proof and weather protected, an 

totally enclosed non-ventilated. . . . write for Bulletin N-100-R 


HOWELL MOTORS 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 


outstanding new motors today 





Open-type motors in the Howell Series 
100 line match their TEFC counter- 
parts not only in streamlined good 
looks, (see above right), but in diam- 
eter and mounting dimensions. Space 


allocations are simplified. 
ee ee PRECISION-BUILT MOTORS FOR INDUSTRY SINCE 1915 
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Laboratory 


Engineering 
Equipment 





CATHODE-RAY TUBE 
“WRITES” FASTER THAN 
| THE SPEED OF LIGHT 


| Cathode-ray tube that is said to write 
| faster than the speed of light incor- 
porates electrostatic focus and deflec- 
tion, utilizes extremely high accelerat- 
ing voltages to obtain the high light 
output necessary for very fast writing 
rates. For typical operating conditions, 
post-accelerator voltage is 30,000 volts 
| and accelerator voltage is 7,500 volts. 
When operated at these high voltages, 
the linear post-accelerator featured in 
the tube produces the minimum pattern 
distortion and offers deflection sensitivi- 
ties of 225 to 270 volts d-c per in. on 





RELY on GI 


Fractional H.P. Motors 


MODEL B X-axis and 155 to 190 volts d-c per in. 
1/40 H.P. to 1/1100 H. P. Sosie:t-coltdnded Y-axis 
pole AC Induction on 1-axis. 

Type To further assure successful photo- 


The precision accuracy built into every Seesaw ee 
Gl fractional h.p. motor is just one of the rea- 
sons why so many leading original equipment 
manufacturers “specify Gi”! For motors that 
“hit the specs” every time, for ruggedness and 
economy, GI 1/40 H.P. to 1/1100 H.P. motors 
are unexcelled in the industry. Manufacturers 
appreciate the extra value of General Industries’ 
free design consultation service and prompt 
deliveries, too. When you have a fractional h.p. 
requirement, you can always . . . RELY on Gil 


graphic recordings of very fast phe- 
nomena presented on the 5-in. screen, 





MODEL A 
2-pole, shaded pole | 
AC Induction Type 

eeeene0o02ee20@26 





No. 11 phosphor is used. Three aper- 
tures in the phosphor allow external 
light from a built-in light source to be 





Write for complete specifications and 


quantity-price quotations today! a oa oe transmitted from the back of the tube 
OF induction ae | to record calibration or reference points 


COHOSHSHASHSSSHSSESSHSHSSSESESHEOHSSE SE EEEEOEEEE®S on the film. 








eeeeeeeeeeeeeeeeeeeoeeeeeeeeeeeeeeeeeee2e008 


e * Another feature is a Mu-Metal shield, 

° e | designed as an integral part of the 

z ; | tube. This reduces the need for special- 

e e accessory design and orders by the user 

° * who adapts this tube for his equipment. 

° ° $ The tube is 21 in. long, and, under 

inns. a . MODEL D = MODEL O typical operating conditions, the post- 
4-pole, shaded pole ® 4pole,4-coilshaded @ 2-pole Capacitor MODEL F accelerator current is 112.5 microamp 
AC Induction Type @ pole AC Induction @ poy eal a Pa core, sae _ d-c max; focusing electrode voltage is 
° Type e y 4 volts) — . 2000 to 3200 velts. Allen B. Du Mont 
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| Laboratories, Inc., 2 Main Ave., Pas- 
(Ta 2 ee Se saic, N. J. 
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Three unusual direct-display 
storage tubes by Hughes 


MEMOTRON 


FEATURES: bright display... constant and uniform 
intensity of presentation ... no perceptible 
transient decay . . . simplifies photography. 
APPLICATIONS: transient analysis . . . spectrum 
analysis . . . direct comparison of wave forms. 
SPECIFICATIONS: 100,000 inches/sec. writing speed 
. .. stores traces until intentionally erased .. . 
erasure triggered by push-button, or programmed 
voltage... electrostatic focusing and deflection. 


MEMO-SCOPE 


Model 104, incorporating MEMOTRON, is a new 
memory oscilloscope with 5 optional 
preamplifiers to satisfy the most critical 
production, test and laboratory requirements. 






TONOTRON 


FEATURES: half-tone presentation . .. excellent grey scale . . . controllable 
decay rate... compact design. APPLICATIONS: closed circuit TV... 
instrumentation... P.P.I.... narrow band, slow scan TV. 


SPECIFICATIONS: 1,000 foot-lamberts brightness at 10 kv .. . electrostatic 
focusing . . . magnetic deflection .... 60 lines per inch resolution. . . 
writing speed of 150,000 inches/sec. 


my YPOTRON 


FEATURES: high brightness... permanent display until intentionally erased 
..- rapid display of printed data... 63 character matrix. APPLICATIONS: 
digital computers. . . teletype reception ... wherever printed data must be 
displayed rapidly for use by human operator. sPECIFICATIONS: writes up 

to 25,000 characters/sec. ... permanent storage until erased .. . almost 
instantaneous erasure. . . electrostatic focusing and deflection. 





See demonstrations of these tubes and MEMO-SCOPE at the I.R.E. Show, 
booths 2801, 2803, 2805, Second Floor. For additional information write to: 


HUGHES PRODUCTS «+ ELECTRON TUBES 
International Airport Station, Los Angeles 45, California 


© 1957, HUGHES AIRCRAFT COMPANY 
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8 in. Oz. 
14 in. Oz. 
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tN SUB-MINIATURE TYPE. 


SEE OUR EXHIBIT « BOOTH 4036 « I.R.E. SHOW 
FLUOROCARBON Propucts INCc., division of 
United States Gasket Co., Camden 1, New Jersey. 


Sold through leading electronic parts distributors by Erie Resistor Corp. 


4, 
Meme 
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VACUUM-TUBE VOLTMETER 
HAS + 2 PER CENT 
ACCURACY 


Possessing better than + 2 per cent on 
all a-c and d-c voltage ranges, vacuum- 
tube voltmeter has a completely shield- 
ed diode probe designed for use into 
the uhf range. Other features include a 
high-input impedance, d-c polarity 
switch, and scale 


illuminated meter 





with mirror and knife-edge pointer. All 
input terminals are insulated from the 
panel allowing panel to be grounded 
at all times. Stability has been achieved 
through advanced circuit design, power- 
supply regulation, and the use of long- 
term stable precision components. Gen- 
eral Radio Co., 275 Massachusetts Ave.. 
Cambridge 39, Mass. 


Circle No. 62, Reader Inquiry Service Cards 
preceding back cover 


HIGH-VOLTAGE INSULATION 
TESTER 


High-voltage insulation tester, Model 
T-4, is a precision instrument designed 
to perform insulation leakage-resist- 
ance measurements and non-destructive 
breakdown tests on all types of equip- 
ment and materials. Tests may be made 





on motor windings, ignition systems. 
wiring harnesses, insulators, connectors. 
electrical and electronic components, 
etc. 

Continuously variable from 1 to 15 
kv in one range, the tester has an out- 
put resistance of 100 megohms, there- 
fore limiting all leakage currents to 
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MOTOR. MACHINED PARTS—ONLY ONE OF THE ADDITI 
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Your product benefits 
3 ways from the use 
of a DIALCO Pilot Light: 


Enhanced appearance: 
The glow of light and 
sparkle of a lens add 
colorful visual attraction. 


Greater safety: A timely 
warning flashed by a 
pilot light can prevent 
damage to equipment. 
Added service: Discs 
inserted behind lenses 
can be used to deliver 
specific messages, such 
as “FUEL LOW”, 
“ON”, “OFF”, etc. 


Let the Dialco engi- 
neering department as- 
sist you in selecting 
the right lamp and 
the most suitable pilot 
light for your needs. 


























Dialco offers the com- 
plete line of pilot 
lights, from sub-mini- 
ature types to giant 
units with 11” lenses. 


Every assembly is avail- 
able complete with lamp. 


SAMPLES ON RE- 
QUEST AT ONCE — 
NO CHARGE 


Illustrations are ap- 
prox. 70% actual size 
..+ (A) No. 8-1930- 
111 sub-miniature 
pilot light ...(B) No. 
$21308-991, with mul- 
tivue cap...(C) No. 
ae dimmer 

--(D) No. 47901 


Write ior Laiaiogues 
and Design Brochure 


PTA, GHT 


CORPORATIO 


| 
| 


| 
| 
| 


less than 150 microamp. This feature 


prevents the formation of destructive | 
arcs when the breakdown voltage of the | 
test specimen is reached and permits | 
visual inspection of the point of break- | 
| down. 
| completely safe, since a d-c current of | 


It also renders the equipment 


150 microamp is incapable of produc- 
ing a sustained muscular contraction 
due to accidental physical contact. 


The wide range of leakage resistances | 


| covered by the Model T-4 tester makes 


| 
| 


it possible to perform not only break- 


down tests but actual, quantitative mea- | 


surements. 

Since all measurements 
formed with d-c, 
pacities of the equipment under test 
will not introduce 


are per- 


with conventional a-c type insulation 
testers. Transitron, Inc., 186 Granite 
St.. Manchester, N. H. 


Circle No, 63, Reader Inquiry Service Cards 
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| 400-CPS SYNCHRONOUS 
| MOTOR-GENERATOR SET 


| Featuring a recovery time of less than | 


| 0.15 frequency-changing = syn- 
chronous motor-generator set changes 
60-cycle a-c to 400-cycle a-c. 

Motor and alternator are 


sec, 


| within a common frame with single- 
two ball-bearing 


shaft, construction, 





ing a compact, space-saving, lightweight 
unit. 

Static excitation for the alternator 
| is incorporated within the alternator 
| control cubicle (at left) together with 
| magnetic amplifier voltage regulator, 
| volt-amp meter-selector switch, 


thus eliminating a coupling and creat- 
j 
| 


meter, amp meter and rheostat. Cubicle 


synchronous motor starter incorporating 
| d-c and a-c ammeter, start-stop button, 


| at right is a magnetic reduced-voltage 
| 
| 
| overvoltage protection and necessary 


the electrostatic ca- | 


charging-current | 
errors inherent to measurements made 


incased | 


volt- 





STANDARDS 


are as 


EXACTING AS THIS 





Quality control of Somers Thin Strip 


even includes the grinding and polishing 
| of rolls by Somers’ experts, to assure 


j 
the ultimate in finish and uniformity. 


| Combined with the most modern roll- 
| ing, gaging and annealing equipment 
| for thin strip metal in the country, this 
careful attention to detail assures you of 

exactly the tolerance, tensile strength, 
| elongation, finish and other physical 
properties to meet your precise 


requirements. 

If you now have, or anticipate, a 
problem with exacting standards of 
thin strip metal, write for confidential 
data blank: 


. EXACTING STANDARDS On 
° x 





ly 


Re ALLOYS. 





RU 





4 
FP 


Somers Brass Company, Inc. 
110 BALDWIN AVE., WATERBURY, CONN. 
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component parts such as transformers 








are you fizhtins space? 


Teme TM Cy mame acme ea caer aT 













GLa er ye mL Me 8 AO MLL SY : - 

SOME URS MINT Orme eb murat ae te Se ’ i 5 
miniature and sub-miniature multi-contact connec- deddaieaiae 5 
tors. In ¥% or ¥% the usual space, they give you up : 
to 50 contacts, the same number as a standard con- ed = 


nector, and still retain all the factors of utility, reli- SuB-MiniaTURE CJ 


ability, and mechanical strength found in Cannon's ex 


standard size connectors. They are very rugged, easy 
mating, unusually versatile, neat and compact. 
MINIATURE 


UEC ee EDC Mm UTC LL ae a 


Write for Cannon HMC Miniature Connector Bulletin 
Please refer to Dept. 500 
CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31, California. 


Factories in Los Angeles, East Haven, Wakefield, Toronto, London, Melbourne. 
Representatives and distributors in all principal cities at your service. 





component parts such as transformers 
and relays. 

The 60-cycle motor is rated at 75 hp. 
Motor exciter is 1500 watts. Specifica- 
tions for the 400-cycle generator: 50 kw 
at 80 per cent power factor and 62.5 
kva. Voltage selection is 120/208. 

Primary source of supply of d-c to 
excite the field coils of the alternator 
is obtained from the 60-cycle input line. 
Necessary change from a-c to d-c is 
accomplished by a block of rectifiers 
and transformers, incorporated in the 
magnetic amplifier type voltage regu- 
lator. Supplementary excitation current 
to increase the response speed is ob- 
tained through the use of additional 
rectifiers on the secondaries of current 
transformers on the alternator load- 
lines... 

Regulation of generator output-volt- 
age is obtained by magnetic amplifier 
control of the primary source of excita- 
tion. Voltage regulation is kept within 
+ 1 per cent from no load to full load. 
Recovery time is 0.15 sec. Harmonic 
content is less than 1 per cent on line- 
to-line and less than 3 per cent from 
line to neutral. Amplitude modulation 
is less than 0.6 per cent with balanced 
or unbalanced load. Kato Engineering 
Co., Mankato, Minn. 


Circle No. 64, Reader Inquiry Service Cards 
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PORTABLE DIGITAL 
VOLTMETER WEIGHS 25 LB 


Miniaturized d-c_ digital voltmeter 


A. eS. TACHOM ETER weighs only 25 lb and measures 7 in. x 


10 in. x 13 in. overall. The portable 

instrument provides a precision (0.05 

A useful component in servo systems and with linear- ot GR ROUT) qenerekgunpen 
ity accurate enough for use as an integrator in many 
computing problems. : 
This tachometer can be furnished separately as shown Bic 
or mounted integrally with an A.C. Servomotor. Tem- | ia 
perature compensated units are also available. 





Note these specifications: — 


Input 115 volts, 60 cycles 
Output 6.0 volts per 1000 RPM 


Linearity + 0.5% above 1000 RPM and f 
+ 0.25% between 50 & 1000 RPM 





: Ke | digital voltmeter for a variety of labora- 
Total Residual Voltage — 50. millivolts » a . water temein 
tory and other applications. 
A similar unit has been developed for 400 cycle operation. | Operation of the new instrument. 


called the Mark IV, requires no manual 
adjustments or operations. Measure- 


, ments are made automatically and pre- 
Piel! ) DIEHL MANUFACTURING COMPANY 


sented with 1] in. highlighted numerals, 
Electrical Division of THE SINGER MANUFACTURING COMPANY arranged in line, which can be read at 
Finderne Plant, SOMERVILLE, N. J. distances up to 30 ft, even in a well- 

other available components: * AC SERVOMOTORS * AC SERVOMOTORS WITH AC TACHOmerers | lighted room. 


AC SERVOMOTORS WITH DC TACHOMETERS » AC AND DC TACHOMETERS Readings are accurate to 0.05 per 


EM 357 DC SERVO SETS * RESOLVERS | cent absolute, with linearity greater 


Send for additional engineering data. 





than 0.01 per cent from a millivolt to 


Booth 2237—1957 Radio Engineering Show, New York Coliseum, March 18-21 1,000 volts, d-c. Improved balance logic 
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Vibration won't loosen FLEXLOC self-locking nuts 


Where products must be reliable... must stand up 
under vibration, temperature extremes and hard use 
... designers specify rugged, reliable, precision-built 
FLEXLOC self-locking nuts. 

HERE’S WHY: 

FLExLoc locknuts are strong: tensile strengths far 
exceed accepted standards. They are uniform: care- 
fully manufactured to assure accurate, lasting locking 
action. And they are reusable: repeated removal and 


replacement, frequent adjustments, even rough screw 
threads will not affect their locking life. 


Standard FLex.oc self-locking locknuts are available in 
a wide range of standard sizes, types and materials to 
meet the most critical locknut requirements. Your local 
industrial distributor stocks them. Write us for complete 
catalog and technical data. Flexloc Locknut Division, 
STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 


STANDARD PRESSED STEEL CO. 


FLEXLOE iocknur pivision 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


JENKINTOWN PENNSYLVANIA 








THERMAL MAGNETIC 
CIRCUIT BREAKER 
permits harmless 
= temporary overloads; 
trips instantly when 
overload becomes 
dangerous... offers 
= quick-make, quick- 
§ break action, thermal 
tripping element and 
deionization arc 
quenchers. 


each 
inetallation 
cocte with 


FEDERAL 








DISCONNECT SWITCH 
designed for cool op- 
eration, safety and 
long life. Features 
clear visibility, posi- 
live circuit opening 
and silver plated cur- 
rent carrying parts. 


( bi ti 
NOW Federal Pacific does away with 
the need for separate motor controls 

al ers and safety switches or circuit breakers! 
Now you can meet all your needs with 


one simple space-saving device...and 

save money while you do it! You install 

Finest Products Engineered only one device—save valuable time— 

conserve precious space! Faster, easier 

FEDERAL PACING ELECTRIC installation more than offsets the 
50 Paris Street, Newark 1, N. J. slightly additional cost. 








Eliminate 
Rhodium 
Plate i ee 
Rejects! Waa ay 







produces compressively stressed deposits 


assuring crack-free, peel-free service. Here’s proof! The photograph demon- 
strates the high tensile stress of conventional rhodium electroplate and the 
CS of RHODEX. Dissolving the basic metal caused the conventional rhodium 
electroplate to disintegrate into small ctystalline flakes. The Sel-Rex 
RHODEX electroplate remained unimpaired, and in a continuous film. 
RHODEX does not peel or crack regardless of thickness! Write for details. 


Precious Metals Division 


Seer SEL-REX CORPORATION 
155 Manchester Place, Dept. EM-3, Newark, N. J. 
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correctly positions the decimal point for 
the maximum number of significant fig- 
ures under all conditions. Amplifier de- 
sign reduces the total number of tubes 
to only seven. 

Unitized packaging makes servicing 
easy. A removable, single-piece hood 
houses the three distinct subassemblies; 
amplifier, power and reference supply; 
balance circuit; and read-out. Each 
subassembly is pivoted for good accessi- 
bility to all parts. Electro Instruments, 
Inc., 3794 Rosecrans, San Diego 10, 
Calif. 


Circle No. 65, Reader Inquiry Service Cards 
preceding back cover 


100 KV D-C TEST SET FOR 
OVERPOTENTIAL TESTING 


Nondestructive, high-potential unit, now 
available for insulation testing of sam- 
ples or full-reel tank testing, is use- 
ful in checking cable insulation. Tester 
meets new IPCEA standards as well as 


MIL, JAN and ASTM specifications. 





Features include: 0-100 kv voltage out- 
put; automatic output shorting; kv 
meter and current meter for determin- 
ing leakage resistance; overcurrent 
tripout to deenergize HV; and dual 
range meters. Peschel Electronics Inc., 
19 Garden St., New Rochelle, N. Y. 


Circle No. 66, Reader Inquiry Service Cards 
preceding back cover 


LOW FREQUENCY VTVM 


Model MV-02B a-c vacuum-tube volt- 
meter has a frequency range of 2 cps- 
250 ke and a full-scale voltage range 
of from 3mv to lkv. The instrument is 
equipped with a galvanometer-attenua- 
tion switch which makes it possible to 
obtain fast needle response on all 
measurements above 20 cps while the 
necessary slow response is being main- 
tained between 2 and 20 cps. 

High accuracy and calibration stabil- 
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@ Low Cost 


Re- I 
THREAD CUTTING FASTENER ehiciiasi inte 


@ Self-Locking 
HOLDS TIGHT TO CURVED SURFACES 


® Vibration-Proof 


© Spring Take-Up 
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WIRING 








ity are obtained through a fully elec- 
ironically regulated plate-current sup- 
ply and individual calibration controls 
for all 12 ranges of the instrument. 
Millivac Instrument Corp., P. O. Box 
997, Schenectady, N. Y. 


Circle No. 67, Reader Inquiry Service Cards 
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1 
i 


You are now offered the choice of TWO different printed- 
wiring methods: (1) The Aerovox exclusive Pressed Silver or 
(2) The Aerovox Etched Copper. Each has its particular field 


oe TWO PEN, TWO ZONE 
of applications. 


RECORDER 


Furthermore, Aerovox also offers a choice of different base New 2 pen-2 zone recording instrument. 


materials, such as: Phenolic-paper Base, Phenolic Fabric, useful for comparative measurement in 
Epoxy Glass, Melamine Glass, Teflon Glass, Polystyrene and the laboratory, is now included in the 
Methacrylite, each with certain characteristics for given Model 6700 line of recording-control- 
ling instruments. The new model re- 
usages. : : ; 
e corder is actually two independent in- 
' struments in one, housed in a case 
| measuring only 1734 in. wide to fit 
standard relay racks. The instrument 
e Pre ge ye . : ; 
PRESSED SILVER employs two plug-in electronic ampli- 
Produced by a hot die-stamp process in which the conducting pattern fiers for easy servicing; and two sepa- 


is mechanically embossed in one or both sides of the selected base material. 

Does not rely on any adhesive agent for the bond between conductive and base 
materials. Pure silver conductors are partially imbedded in base support. Compared 
with copper, the silver is more resistant to oxidation, solders more readily, 

and provides superior electrical contact surface with greater resistance 


to wear, particularly for switching applications. ag 
ETCHED COPPER 


Produced by applying an etch-resistant pattern on to a metal foil, usually copper 
clad. Unprotected metal areas of printed pattern are then etched away leaving desired 
wiring pattern. The resistant enamels may be applied by (a) Direct photographic 
means, or (b) Screen printing. The former achieves maximum definition of lines 

held to close tolerances at relatively modest costs; the latter effects 
cost savings where extremely fine detail is of secondary importance. 





PRINTED WIRING PRIMER... 


Write on your business stationery for this practical guide 
on printed wiring. And let our printed wiring specialists 
collaborate on your particular applications. 


rate measuring circuits with replaceable 
range standards for quick range change 
on either one or both zones as desired. 
Alarm switches are available for each 
zone and can be set in a matter of 
seconds. Slide-wires are interchange- 


"9 | able, and totally inclosed for complete 
AEROV x CORPORATION _ | protection. Chart speeds, available from 


. | 1 in. per hr to 1 in. per min. Weston 








SPECIAL PRODUCTS DIVISION Electrical Instrument Corp., 671 Fre- 
NEW BEDFORD, MASSACHUSETTS _ | linghuysen Ave., Newark 12, N. J. 
: in Coneda: AEROVOX CANADA LTD., Hamilton, Ont. vee Circle No. 68, Reader Inquiry Service Cards 
) ee : 2 preceding back cover 
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FRACTIONAL H.P. 


MOTORS 








Air conditioning in Afghanistan . .. Heaters 
on Hudson’s Bay! Refrigerators in Reykja- 
vik . .. Projectors in Peru! Go where you 
will; you’ll find American-made products 
that depend on Fasco Fractional H.P. mo- 
tors for unfailing service under every con- 
ceivable operating condition. You too can 
trust Fasco quality and dependability to 
protect your reputation . . . anywhere... 
any time. 


REMEMBER! .. 





ASCO 


Composite view of the three Fasco Plants 
located in Rochester, N. Y. and Fayetteville, N. C. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


. We also make many 
different Blowers rated from 15 to 275 C.F.M. 






Fasco makes 1/500 to 1/6 H.P. motors... 
2-, 4- and 6-shaded-pole types for the widest 
variety of applications. If there isn’t a 
standard Fasco motor that EXACTLY 
meets your every requirement, we will 
“tailor” one to fit your specifications at no 
extra cost! 

So whenever the need arises for rugged, 
dependable, quiet-running F.H.P. motors, 
you'll find it pays to Consult Fasco First! 


This new catalog gives complete 
data and specifications on Fasco 
F.H.P. Motors ranging from 
Yoo to % H.P.... two, four and 
six shaded pole types. A copy is 
yours for the asking. 


ROCHESTER 2, 


4 & Ww 








YORK 
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Design engineers indicate widespread 
use for 


Sylvania 
Power Transistor 
Type 2N242 





While the type 2N242 is well known for its 
original use in the output stage of hybrid 
auto radio, it is rapidly becoming the 
standard for general purpose use in a wide 
range of power applications. 

There are good reasons for its growing 
popularity —10 watts collector dissipation, 
for instance—welded hermetic seal—and a 
storage temperature of 85° C to eliminate 
heat problems under idle conditions. 


GENERAL FEATURES 
OF THE 2N242 PNP POWER TRANSISTOR— 


¢ 10 watts max. collector dissipation 

e 2 amps max. collector current 

e 45 volts max. collector voltage 

e New welded hermetic seal 

e 30 db minimum power gain (typically 35 db) 
e 85° C storage temperature 

e 100° C junction temperature 


e Thermal drop—3° C per watt (typically 2° per watt) 


¥ SYLVANI 


LIGHTING #* RADIO ¢ TELEVISION «¢ 
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If you have plans for general purpose tran- 
sistors you’ll be glad to know Sylvania’s 
semiconductor plant in Hillsboro, New 
Hampshire is just about completely de- 
voted to the production of the Type 2N242. 
That means Sylvania can meet your vol- 
ume requirements. And, Sylvania’s leader- 
ship in the manufacture of semiconductors 
means you’re assured of high product uni- 
formity and dependable performance. 





Sy.tvania E.eEcrric Propucts Inc. 
1740 Broadway, New York 19, N. Y. 
In Canada: Sylvania Electric (Canada) Ltd. 
Shell Tower Building, Montreal 


ELECTRONICS ¢« ATOMIC ENERGY 
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Here are just some of the applications in 
which designers are effectively using 
or planning to use the 2N242 


* VOLTAGE REGULATION 
DC CONVERTER 
OSCILLATOR, AMPLIFIER 
TRANSISTOR COMPUTER 
MAGNETIC CORE DRIVER 
SERVO AMPLIFIER 
VERTICAL SWEEP OUTPUT 


el ERT 





*Transistor Voltage Regulation PULSE POWER OUTPUT 
Transistorization of voltage regulator circuits is one HIGH CURRENT SWITCH 
of the most popular general purpose applications indi- 

cated for the 2N242. Here is a typical regulator circuit RF MODULATOR 


incorporating the Type 2N242. DC to AC converter 
rates second in popular usage for this power transistor. 


How about your general purpose plans for the Type 
2N242 power transistor? Call your Sylvania representa- 
tive or write for technical data. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








Literature 
for the Design Engineer 





All-new listings of manufacturer’s literature just off the 


ae 


including catalogs, manuals and other reference 


publications relating to components and materials for 
designed-in use in electrically energized end products. 





CERAMIC-ENCASED CARBON FILM 
RES!ISTORS—Characteristics and spec- 
ifications of ceramic-encased carbon 
film resistors and coated carbon film 
resistors are listed in Form 307. 
Resistors are furnished in 14, 14, 1 and 
2 watt sizes, with + 1 per cent standard 
tolerance. The units, designed to meet 
requirements of MIL-R-10509, are rec- 
ommended especially for use in test 
equipment, meters and high-frequency 
circuits. Continental Carbon, Div. of 
Wirt Co. 


Circle No. 121, Reader Inquiry Service Cards 
preceding back cover 


FLAT-TYPE MOTORS—Rotor weight of 
the new flat-type motors described in 
an illustrated four-page brochure is 
easily supported on the shaft between 
two ball bearings. Construction of the 
motors resembles that of the con- 
ventional squirrel-cage motors. 
trated brochure describes totally en- 
closed nonventilated—and totally en- 
closed fan-cooled—models. The motors 
are useful wherever NEMA design “B” 
motors are applicable for operating 
turret lathes, milling machines, oil 
burners and other equipments. Diehl 
Manufacturing Co., Electrical Div. of 
The Singer Manufacturing Co. 


Circle No. 122, Reader Inquiry Service Cards 
preceding back cover 


INDUSTRIAL CERAMICS—Complete 
with a selection chart, 20-page catalog 
contains engineering data on a full 
line of ceramics for industrial applica- 
tions, including use in tube holders 
and base parts, rheostats, and other 
products. Mechanical, electrical and 
physical properties are listed for com- 
mercial white porcelain, a feldspathic 
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Tllus- 


porcelain and a grade L-4 steatite. 
Among other available ceramics is 
Thermolain, a refractory insulation for 
use in electrical heating equipment 
and Lavolain, a semisteatite ceramic. 
The Star Porcelain Co. 


Circle No. 123, Reader Inquiry Service Cards 
preceding back cover 


HERMETIC ROTARY STEPPING 
SWITCHES—Completely wired, hermet- 
ically sealed rotary stepping switches 
are briefly discussed and _ illustrated 
in a two-page brochure giving arrange- 
ments of headers and possible numbers 
of physical levels. Six different enclo- 
sure heights are offered. Automatic 
Electric Sales Corp. 


Circle No. 124, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE UNIVERSAL jJOINTS— 
Small universal joints with zero back- 
lash are useful in small synchros, 
resolvers, subfractional hp motors and 
mechanical indicator repeators. Max- 
imum operating angle is 30 deg. De- 
signated Mini-Joints, the universal 
joints are available bored to shaft 
sizes from 342 to 4% x pe in. incre- 
ments. Body diameters: “46 in. %2 in. 
and 34 in. Falcon Machine & Tool Co. 


Circle No. 125, Reader Inquiry Service Cards 
preceding back cover 


HIGH-SPEED ANALOG COMPUTERS— 
In question-and-answer style, new book- 
let on high-speed analog computers de- 
fines certain types of computers and 
summarizes the applications of each. 
Virtues and limitations of high-speed 
analog computers are compared with 
real-time types. Such questions are 
raised and answered as: What are the 


virtues of analog over digital com- 
puters? What are the relative accura- 
cies, physical sizes and power require- 
ments of high-speed and real-time 
computers? Also pointed out are the 
repeatability of solution and solution 
readout provided by manufacturer’s 
computers. GPS Instrument Co., Inc. 
Circle No. 126, Reader Inquiry Service Cards 
preceding back cover 

DATA-HANDLING SYSTEM—Offering 
high-speed storage on magnetic tape, 
data-handling system described in a 
two-page technical bulletin converts 
four items of encoded data and en- 
coded time into a form for operation 
into an electric typewriter or summary 
punch. Basic units consist of high-speed 
gated counters, tape converters, and 
magnetic shift registers. Berkeley Div., 
Beckman Instruments, Inc. 

Circle No. 127, Reader Inquiry Service Cards 
preceding back cover 
MINIATURIZED SOCKET SCREWS 
—Especially designed for electronic 
equipment and other compact products 
requiring small, strong fasteners, mini- 
ature Unbrako socket screws are the 
subject of a four-page illustrated folder. 
Available are socket head cap and set 
screws in sizes from #0 to #3, in 
either alloy or stainless steel. Standard 

Pressed Steel Co. 

Circle No. 128, Reader Inquiry Service Cards 
preceding back cover 
INVESTMENT CASTING—A variety of 
applications of the investment casting 
process are discussed and described in 
an illustrated 4-page folder highlight- 
ing the advantages of the process and 
pointing out its usefulness under such 
titles as Improved Performance; Design 
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Flexibility; Lighter, Stronger, Cheaper ; 


Fliminatec Accemhly QOnerations. 
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nthane laminated plastics report for work 





Breaker Arms for tractors and outboard motors 
are cut from lengths of molded laminated. Breaker 
arm bushings and rubber angles are important 
ignition components. 





A turn of the ignition key and the thou- 
sands of parts which make up your car 
go to work as a team. Under the dash or 
under the hood are dozens of parts made 
of Synthane laminated plastics. They 
may seem insignificant but they’re as 
necessary as an owner’s license. 

Take away Synthane laminated plastics 
and you have a car that won’t start, a 
generator that won’t run, lights that 
won’t light, or a silent radio or motion- 
less fan—which may give you some idea 
of the importance of a product like 
Synthane in the automotive industry. 





EASILY MACHINED DIELECTRIC STRENGTH 


SYNTHANE CORPORATION, 17 RIVER ROAD, OAKS, PA. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Synthane laminates are excellent elec- 
trical insulators—they resist moisture— 
smile at oil—are easy to machine and 
mechanically strong. Synthane laminated 
plastics are available in sheets, rods and 
tubes or as parts completely fabricated 
to your designs and specifications. 

For more information about the many 
properties of Synthane laminated plas- 
tics and how you can benefit by using 
Synthane materials and fabricating serv- 
ices, write for our latest product catalog. 
Synthane Corporation, :: River Road, 
Oaks, Pa. 
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OIL RESISTANCE DIMENSIONAL STABILITY 


... industry's unseen essential. 
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BIG NEWS...IN SEALED 


THERMOSTATS! 


G-V’s Series C8 is Undamaged By 150 G 
Shock, Vibration up to 2000 Cycles, 
Exposure to -100°F. and +300°F. 


This new series of electrical thermostats is specially designed to 
meet the difficult operating conditions of electronic and aircraft 
applications. Operating points, regardless of setting, are not 
changed by exposure to temperatures from —100°F. to +300°F. 
Shocks up to 150 G for 3 millisecénds, vibration of 25 G up to 
1000 cps, and vibration of 10 G up to 2000 cps do not damage 
these thermostats or change their setting. 


Hermetically Sealed But Rapid in Response 


Sealed in a metal shell which is also its sensing element, the 
G-V Series C8 Thermostat responds as rapidly as a laboratory 
thermometer. Temperature settings may be made at the factory 
or by the user. Contacts are rated at 5 amps. 115 volts AC,or 3 
amps. 28 volts DC, non-inductive load. Differential is about 1°F. 
Insulation test is 1250 v. between circuit and shell, and insulation 
resistance is over 100 megohms. These thermostats are suitable for 
direct control of heaters and for over-temperature and under- 
temperature indication, alarm, or cut-off. 


Available in Numerous 
Convenient Mounting Forms 


WRITE... 


for Bulletin with 
complete technical and 
application data. 


G-V CONTROLS INC. 


8 Hollywood Plaza- East Orange, N. J. 
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Flexibility; Lighter, Stronger, Cheaper; 
Eliminates Assembly Operations. The 
series of case histories set up prob- 
lems and show how the process proved 
advantageous. Arwood Precision Cast- 
ing Corp. 


Circle No. 129, Reader Inquiry Service Cards 
Preceding back cover 


DIALLYL PHTHALATE COMPOUNDS— 
Improved new line of diallyl phthalate 
compounds points out their usefulness 
in high humidity or elevated tempera- 
ture conditions. Arc resistance is ex- 
cellent and dissipation factor is low. 
“Diall” materials will withstand con- 
tinuous 400-450 F and are fungusproof. 
Included in the line are orlon-filled and 
dacron-filled compounds, among others. 
Mesa Plastics 


Circle No, 130, Reader Inquiry Service Cards 
preceding back cover 


MECHANICAL PACKINGS—Mechanical 
packings useful on various equipments 
are described in a four-page illustrated 
brochure. Data are provided on shaft 
packings (centrifugal and _ rotary) ; 
valve-stem packing; and rod _ and 
plunger packings (reciprocating). De- 
scriptions and illustrative matter are 
also provided for hydraulic packing and 
Teflon 
structed braid over braid white asbestos 
with a glass-fiber core thoroughly im- 
pregnated with Teflon. Flexrock Co. 
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impregnated packings  con- 


EPOXY CASTING RESIN—Stycast 2741, 
an epoxide casting resin and sealing 
compound of controlled flexibility, is 
the subject of technical bulletin 7-2-13. 
Applications: for electronic embedment 
and in sealing or cementing of metals, 
ceramics and plastics. Since low-temp- 
erature flexibility is good, Stycast 2741 
will not crack when exposed to —55 C 
even though it may be applied in a 
thin coat over sharp metal inserts. 
Supplied as a free-flowing liquid, 2741 
is used in conjunction with catalyst 15, 
also a liquid. Color is black. Data on 
curing as well as physical and electrical 
properties are given. Emerson and Cum- 
ing, Inc. 
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ELECTRICAL TRENDS AND DEVELOP- 
MENTS—Data on permanent magnets, 
thermistors and Thyrite varistors are 
provided in a 12-page booklet entitled 
Trends and Developments for Electrical 
Design Engineers. Divided into four 
sections, the publication discusses the 
subjects from the design engineer’s 
point of view. Reviewed are the ways 
in which magnets can be used to 
miniaturize products; how to determine 
the proper magnet for a specific appli- 
cation; and how thermistors and Thy- 
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IN ELECTRICWARE, TOO, @ There are so many advantages 


to stainless electricware it’s no 
surprise that sales are skyrocketing. 


« Homemakers like the natural beauty 
ateal of stainless —the way it easily 
absorbs the punishment of everyday 
STANDS OUT use and stays forever new 


with a minimum of care. 


e@ Sharon’s thorough knowledge of 
the utensil industry, the ability 

fo produce specification steels of 
consistent uniformity, plus the finest 
finishes in the industry are reasons 
why so many of the nation’s leading 
electricware manufacturers specify 
Sharon Quality Stainless Steels. 





For 56 Years 
a Quality Name 
in Steel 


SHARON STEEL CORPORATION, SHARON, PENNA. 


eS 


HICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, Los ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SHARON, MONTREAL, TORONTO 





sions of the listed batteries are pro- | 7, ae a 


























Immediate delivery from 150,000,000 
standard items in Stainless, Monel, 
Aluminum, Brass, Bronze, Copper! 


Thousands of Harper corrosion-resistant fasten- 
ings are in Harper Distributor stocks across the 
country! Even more thousands are continually 
on hand at The H. M. Harper Company for your 
convenience! A phone call to your Harper Dis- 
tributor will do the trick! Why shop? Why wait? 
For immediate delivery, specialized service—call 
your Harper Distributor now! 


THE H. M. HARPER COMPANY 


8204 LEHIGH AVENUE - MORTON GROVE, ILLINOIS 
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irrefutable proof of Harper's greater metals’ strength shown by laboratory test ! 


An important point in buying fastenings 


is strength. Independent 


laboratory 


tests*, utilizing Stainless Steel Machine 
Bolts by Harper and three other lead- 
ing producers, prove Harper superiority 
in Tensile, Shear, and Yield Strength. 
The chart at left shows the actual re- 
sults of these tests. For complete infor- 
mation on these important tests, request 


Form No. 126. 


*By R. W. Hunt Laboratories 





OSMIUM * RUTHENIUM * 


The Harper infinity symbol, as 
shown above. and the name FLO-FORM 
are registered trade marks of 
The H. M. Harper Company. 


GOLD - 






SILVER * 


rite varistors can be “harnessed” for a 
given product. Metallurgical Products 
Dept., General Electric Co. 
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EPOXY RESIN SYSTEMS CHART 

| Twenty-five different epoxy resin sys- 
| tems are listed in a summary chart out- 
| lining physical and electrical properties. 
Data covers dielectric constant, dis- 
sipation factor, physical properties of 
cured samples at 80-85 F volume resist- 
ivity, and other pertinent 
tions. Permacel Tape Corp. 





specifica- 


Circle No. 134, Reader Inquiry Service Cards 
preceding back cover 


MACHINE TOOL LIMIT SWITCH 

Heavy-duty limit switches, available in 
nine models and 21 contact arrange- 
ments, are the subject of Bulletin 956. 
Available is a _ standard universal 
switch; double pole switches; three- 
pole _— switches; neutral _ position 
switches; and 3-pole neutral-position 
switches. Available are three types of 
top covers, including a plastics water- 
tight cover and six types of mounting 
plates. Over 150 types of operating 
levers are listed. Switch is said to 
meet NEMA type 1, 2, 4, 5 and 12 
specifications. R. B. Denison Mfg. Co. 
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TEMPERATURE CONTROL — Data on 
Model L-1S temperature control, pro- 
vided in Bulletin 106, includes a de- 
scription of the unit’s differential ex- 
pansion operation and specifications on 
temperature ranges, tube sizes and 
accuracy. This model may be used in 
either liquids or gases and for temp- 
eratures up 1000 F. Temperature set- 
tings are readily made; installation is 
simple. Burling Instrument Co. 
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FOAMED-IN-PLACE POLYMER— Lise of 
Poly-Koolfoam foamed-in-place polymer 
formulations makes possible the im- 
provement of products without need of 
investing in costly equipment or lab- 
oratory facilities. Representing a major 
advance in the control of fast-reacting 
urethanes used to produce foamed-in- 
place rigid materials, the new formula- 
tion is specifically designed for rigid 
materials used in electronic service. 
Fact folder provides data, curves, and 
other useful material. The 


Rubber Co. 
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BATTERIES FOR TRANSISTORIZED 
UNITS—Engineering Handbook section 
is devoted to Batteries for Transistor 
and Electronic Applications. Individual 
specification sheets on physical dimen- 


| since 1951. National Electrical Manu- 











sions of the listed batteries are pro- 
vided; charts show discharge character- 
istics and potentials. Design feature is 
the metal-clad sealed-in-steel construc- 


tion used on several of the unit-cell 
batteries. Ray-O-Vac Co. at yay % e i - 
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MOTOR APPLICATION GUIDE — Data * CORROSION-RESISTANT * 
on a complete line of electric motors 7. FASTENINGS @ 
is provided in a 12-page illustrated °. ae 
Application Guide that simplifies motor “Peccccccnee® 
selection. First, engineer selects from 
tables in the Guide the kind of equip- SPECIAL PARTS? Harper's exclusive Flo-Form 
ment or machinery to be driven. Then | h bl bi : 1 
he identifies the character of the load. Process solves these problems at big savings: 
speed of operation, starting and running : , ; d 
torques, as well as other characteristics There's no part too tiny, too large, or too complex for 
required. Both fractional and integral Harper Flo-Form! This remarkable process could only 


horsepower motors are available, as 
are generators and motor-generator sets. 
Century Electric Co. 
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be developed by Harper, with its wealth of thirty- 
three years’ experience in corrosion-resistant fastenings. 
Where others mill from bar—Harper Flo-Form pro- 
duces by cold or hot forging under tremendous pres- 
sures. The results?—a better product, faster, at lower 
cost! Place your “special problem” in the hands of the 
Harper Flo-Form team of design engineers, metallur- 


FIBROUS GLASS - REINFORCED POLY- 
ESTER U-SHAPED STATOR-WEDGES— 
Specification sheet provides data on a 
new line of one-piece, molded, U-shaped | aca oo 
stator-wedges for Class B_ electric | nearby Harper Branch for Harper Application Engi- 
motors. The wedges are made of fibrous | neering Service. Your problem is our problem. 


glass-reinforced polyester. All dimen- | 
THE H. M. HARPER COMPANY 


sions are given for each of the available 
8204 LEHIGH AVE., MORTON GROVE, ILLINOIS 





gists, and tooling specialists. Write Harper, or call your 





eight sizes that range from «6 to 1% in. 
The Glastic Corp. 
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COPPER-CLAD LAMINATES—Informa- 
tion on rolled copper and its uses on 
laminated plastics, as well as technical 
data on properties ef the base lamin- 
ates, are provided in an illustrated four- 
page brochure complete with typical 
test results based on random testing 
of actual production-lot samples. The 
rolled copper-clad laminates can be 
converted to printed circuits by any 
of the conventional methods—photo- 
graphic, silk-screen stencil or offset 
pressing—without loss of etching time. 
Advantages of available grades are 
presented and their outstanding char- 
acteristics discussed. Taylor Fiber Co. 
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NEMA STANDARDS PUBLICATIONS 
GUIDE—More than 150 Standards Pub- 
lications developed by subdivisions of 
the National Electrical Manufacturers 
Association are described in a 17-page 
booklet entitled Your Guide to NEMA 
Standards Publications. Briefly de- 
scribed are standards covering eight 
electrical classifications: appliances, 
illuminating equipment, signalling and 
communications equipment, industrial 
apparatus, insulating materials, insu- 
lated wire and cables, among others. 
Guide is the first produced by NEMA 


Meet Harper Application Engineer, 
LEON HAMLET 


Every day sees new special parts problems 
submitted to Mr. Leon Hamlet of the Harper 
Branch in Milwaukee. Mr. Hamlet in turn, 
works with the Harper Flo-Form Engineering 
Team to provide the right answer at the 
lowest possible cost. 
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UNIFORMITY CONTROLLED 


FOR TROUBLE-FREE 


SINTERED CONTACT 


PRODUCTION 


iciaceeaaraiianpteconnten 


OSMIUM * 


RUTHENIUM * 


GOLD - SILVER * 


SILVER POWDERS 


99.99 + % PURE 





APW high-reliability silver powders elim- 
inate the major cause of complication in 
sintered contact manufacture. For smooth, 
uninterrupted production, rely upon the 
high degree of uniformity that is a war- 
ranted feature of our silver powders. 

APW processes assure precise conform- 
ity to your specifications and absolute uni- 
formity through full series of production 
batches. Each stage in our process is close- 
ly controlled to critical standards of uni- 
formity—each batch is lab tested as well— 
certified for bulk density, flow, purity and 
screen analysis. 

Here, facilities for the production of 
silver powders, wire and strip made from 
sintered mixtures to your specifications are 
modern and extensive. Service is excellent. 


ENGINEERING SERVICE 


Do call or write if you would like fur- 
ther information or engineering assistance. 
We will be very pleased to hear from you 
and to offer our services. * 7 


Established 1875 


A PARTIAL LIST OF 
INDUSTRIAL SILVER PRODUCTS: 


SILVER-PALLADIUM ALLOYS 


SILVER POWDERS 
(Up to 99.99% pure) 


SILVER SOLDERS AND 
BRAZING ALLOYS 


SILVER ANODES 
(Extruded or rolled) 


SILVER SINTERED METALS 
SILVER WIRE 

SILVER STRIP 

SILVER FOIL 

SILVER CONTACT ALLOYS 


SILVER ALLOYS TO 
SPECIFICATION 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY RAILROAD AVENUE * 


EFNCELHA RO (NOUS TRIES 





NEWARK 5, NEW JERSEY 


> ° eee ee | development investigations in 


since 1951. National Electrical Manu- 
facturers Association. 
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THERMOSTATIC CONTROL — Tubular- 
type thermostat design, construction 
and operation are reviewed in an illus- 
trated brochure describing in detail 
the new tubular-type “Temp-Guard” 
thermostats that make or break elec- 
trical circuit by responding to changes 
in temperature or electrical load. Appli- 
cations include small fractional-horse- 
power electric motors, transformers, 
solenoid switches, fans, electric heaters, 
and a wide variety of other electrically 
energized equipment. Illustrations in- 
| clude a cross-sectional drawing of the 
| thermostat and photographs of models 
| having various lead and_ terminal 
arrangements. The Franklin Dales Co. 
Circle No. 143, Reader Inquiry Service Cards 
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| ENVIRONMENTAL SIMULATION 
EQUIPMENT— Various types of environ- 
ment-simulation equipment  custom- 
made for manufacturers of military 
equipment are described in a four-page 
brochure complete with photographs of 
representative products produced. These 
units include a shock-test instrument, a 
variety of humidity chambers, a fungus 
chamber, and many other models. Text 
gives name of company for which unit 
was produced and purpose for which 
it was made, including temperature 
range and applications. Mantec, Inc. 
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CHROMIUM - NICKEL - MANGANESE 
STAINLESS—Useful in dairy equipment 
and units that require materials with 
low-magnetic permeability, and other 
equipments, chromium - nickel - manga- 
nese stainless steels, Types 201, 204 
and 204L, are the subject of an eight- 
page Blue Data Sheet. Types 202, 204, 
and 204L represent “a new family of 
austenitic stainless steels” possessing 
desirable mechanical and _ corrosion- 
resisting properties. They correspond to 
the chromium-nickel types 302, 304 and 
304L, but use substantially less nickel. 
Allegheny Ludlum Steel Corp. 
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ELECTRICAL ENGINEERING RESEARCH 
FACILITIES—Electrical engineering re- 
search facilities at Armour Research 
Foundation of Illinois Institute of Tech- 
nology are described by means of four- 
page folders discussing the following 
areas of research: Computer Systems; 
Electric Machines, Components, and 
Measurements; Electronic Instrumenta- 
tion; Communications and Radio-Fre- 
quency Applications; and Control Sys- 
tems. Listed are the research and 
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Y will centralize all of 
IT«T’s Federal Cable‘operations in Pawtucket, Rhode 
Island. It will substantially broaden the scope of 
Federal Cables’ research, engineering, design and 
production capacity. 


Federal Cable will continue as Federal Cable in 
every way...in name, quality and performance 
.. manufactured to the high standards that have 
prevailed since Federal pioneered the FIRST solid 
dielectric coaxial cable over fifteen years ago. 


Federal customers will continue to be served by the 
present Federal engineering and sales personnel and 
factory representatives —under the existing manage- 
ment staff directed by Allan A. Segal. 

To eliminate any inconvenience to Federal cus- 
tomers during the transition period, orders for Federal 
Cable will be taken and shipped from Clifton, New 
Jersey, or Pawtucket, Rhode Island. Prompt attention 
will be given to inquiries and correspondence ad- 
dressed to either of the above offices. 


Federal Cable is still as close as your telephone...! 





ELC t ®4.¢ 





A 
Mga Quality-Controlled 
Cable for Every 
& Electronic 
Application 
Royal Electric Corporation Federal Telephone and Radio Company 


An Associate of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 


A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
PAWTUCKET, RHODE ISLAND + PAwtucket 2-8600 


100 KINGSLAND ROAD - CLIFTON, N. J. + NUtley 2-3600 
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| development investigations in which 
| assistance has or can be extended. 
| Staff of more than 1200 is available. 
Armour Research Foundation. 
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FLAME-RESISTANT EPOXY RESIN PRE- 
IMPREGNATED GLASS CLOTH — File 
folder contains data on a_ flame-re- 
sistant epoxy resin preimpregnated 
| glass cloth being used in laminates 
exhibiting important electrical char- 
acteristics. Designed for use in printed 
circuits, among other applications, the 
epoxy glass is furnished in dry, non- 





| tacky rolls. Designated Stanpreg. the 
new product is supplied in tapes or 
full-width rolls. Standard Insulation Co. 
& “WALES BL TOOLING ‘ V// Circle No. 147, Reader Inquiry Service Cards 
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E SAVES US ABOUT . . CUSTOM-MADE COILS—Reduced heat 
problem, precision-winding operations 
b HALF THE COST ¢ and superior workmanship are among 


é 


the advantages cited in Bulletin No. 
S-20 for the custom-made industrial 
coils made by company geared for high- 
speed operation or for the production of 
a single prototype. Text and illustra- 
tions point out available facilities, com- 
pany emphasis on high-quality craft- 
manship. and typical products pro- 
duced. Stonite Coil Corp. 
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OF HOLE PUNCHING” 






GLASS REFERENCE MANUAL — Sixtv- 
six-page manual, complete with 130 
photographs, deals with such topics as 
What is Glass? How is Glass Made? 
and How is Glass Used? Among the 


See us af wide range of subjects discussed in 
LR.E. Show this comprehensive review are electrical 
New York properties of glass; radiation effects: 

ew Tor electrically conducting glass; and ap- 
Booth 4010 plications. Short sections also discuss 
March 18-21 metallizing glass, glass-to-metal sealing 


and a host of other related topics. 


: Corning Glass Works. 
*‘WALES BL TOOLING is fast and accurate in our shop. Punches, dies Circle No. 149, Reader Inquiry Service Cards 


and stripping mechanism are all contained right in the tooling, so Perey ae Aare 
our presses have a minimum of down time for change-overs. BL's are 
just about perfect for punching stock up to 4%” thick and we get any 
type of pattern needed with the same units.” 


PLASTICS FOR ELECTRONICS File 
folder briefly describes available cast- 
ing resins, plastics foams and plastics 


Nothing attached to the press ram. Alignment of punch rod and sheet stock with an adjustable 


and die is permanent. Notching equipment may be dielectric constant from 3 through 20. 
used in same set-up. Inventory is kept down and Data sheets provide information on 
PRODUCTION UP! these as well as on other products—in- 


cluding microwave absorbers and re- 


SEND FOR BULLETIN NO. 12B flector, and microwave materials. Emer- 
The complete story of BL tooling is here for the asking, son & Cuming, Inc. 


Send for yo to . 
r your copy today Circle No. 150, Reader Inquiry Service Cards 
preceding back cover 


‘ wa | MEDIUM-IMPACT PHENOLIC —Possess- 

II az COMPANY | ing an unusually good molded finish, 

te ? ; = . | medium-impact phenolic molding com- 
hae Ml eel th | pound, Durez 13124 Black, finds appli- 
cations in instrument cases, machine 
| housings, solenoid housings,  trans- 
former covers and other parts. Newly 


AKRON, NEW YORK 


Se ee ee 
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published pamphlet lists the physical 
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PHYSICAL ISOLATION OF INPUT AND OUTPUT CIRCUITS of the Sola 
Constant Voltage Transformer is indicated in the core-and-coil 





assembly shown above. At pencil-point is one of two magnetic shunts 
which separate the input from the output sections of the windings. 


YOU GET VOLTAGE REGULATION AND MORE FROM A SOLA: 


Isolation of Input and Output Circuits 
in Sola Constant Voltage Transformers 
Generally Eliminates Need for Static Shields 





A fixed level of input voltage to today’s complex 
electrical and electronic equipment is virtually essential 
for adequate performance. The Sola Constant Voltage 
Transformer, a static-magnetic stabilizer, combines auto- 
matic, instantaneous voltage regulation with other desir- 
able electrical functions. 


One of these functions is both electrical and physical 
isolation of the input circuit from the output circuit. 
In general, this isolation is sufficiently effective to elimi- 


SOLA 


West 16th Street, 


\ Cnsilant loliage 


TRANSFORMERS 


nate the need for additional line filtering. Static shields, 
often required with regulators having a common con- 
nection between input and output circuits, are rarely 
necessary. 


Sola Constant Voltage Transformers are available in 
stock models, or in custom designs to meet the exact 
requirements of many load devices or service conditions. 
Your Sola representative will be happy to provide you 
with information on your particular application. 


Write for Bulletin 6C-CV170D 


SOLA ELECTRIC CO. 
4633 W. 16th Street 
Chicago 50, Illinois 





CONSTANT youre TRANSFORMERS © FLUORESCENT LIGHTING BALLASTS ¢ MERCURY VAPOR LIGHTING TRANSFORMERS 
SOLA ELECTRIC 50, Bishop 


CO., 4633 


2-1414 © NEW YORK 35: 103 E. 125th St., TRofalgar 6-6464 


| PHILADELPHIA: Commercial Trust Bidg., ahecontlns 6-4988 © BOSTON: 272 Centre Street, Newton 58, Mass., Bigelow 4-3354 @ CLEVELAND 15: 


i 1836 Euclid Ave., 


1.6400 © KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23: 3138 E. Olympic Blvd., ANgelus 


9-9431 @ SOLA ELECTRIC (CANADA) LTD., TORONTO 17, — 102 Laird Drive, — 4554 @ wnat in Other « Principal Cities 


atl an enatneen 
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ROTARY SWITCHES 


For every control, tap, 
and transfer application. 








TANDEM TYPE P, 30-10A 





Save valuable panel space 

Simplify control of complex circuits 
Give “‘dead-front’”’ mounting safety 
Listed by Underwriters Labs, Inc. 
Can be furnished to latest Navy specs. 


Ratings from 2 amperes to 200 amperes, 30 to 
250 volts d. c., and 125 to 500 volts a. c. — 
depending on number of circuits and nature 


of load. 





Write for combined catalog giving useful 
design data on Esco rotary switches. 


ELECTRO SWITCH 


CORPORATION 


aS 
SY 


167 King Avenue, Weymouth 88, Mass 





tubes under actual operating condi- 


tions. and offers direct reading short 





published pamphlet lists the physical 
properties of the compound—a_ two- 
step, flock-filled, extra-strength medium- 
impact material in nodular form. Durez 
Plastics Div., Hooker Electrochemical 
Co. 
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FILLED EPOXY RESIN COMPOUNDS— 
Suitable for the encapsulation of elec- 
trical components at, or near, room 
temperature, Sonite 2000 series of filled 
epoxy resin compounds is the subject 
of technical bulletin No. 18. Basis of 
the series is a low-viscosity epoxy resin 
that cures under ambient conditions (or 
at moderate oven heat) with one of 
several amine agents. Smooth-On Manu- 
facturing Co. 
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MINIATURE COILS—Facilities for meet- 
ing requirements of users of miniature 
magnetic coils are shown and discussed 
in a four-page brochure pointing out 
company capacity for engineering 
power into midget coils. Techniques 
have been developed for winding mini- 
ature coils with such high-temperature 
insulations as epoxy, silicone, Teflon 
and Ceroc windings conforming to 


| NEMA and military specifications. In- 


stead of using molded bobbins, the 
company uses Mylar construction. Tur- 
Bo Jet Products Co., Inc. 


Circle No. 153, Reader Inquiry Service Cards 
preceding back cover 


MAGNETIC SHIELDING — Advantages 
and methods of fabricating nonshock 
sensitive nonretentive Fernetic Co-Netic 
magnetic shielding material in custom- 
er’s plant, is the subject of technical 
bulletin #122. Included are 7 pages 
of graphs including B/H_ curves, 
hysteresis curves, core loss, Curie 
temperatures and coatings relative to 
frequency graph. Magnetic Shield Div., 
Perfection Mica Co. 
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ELECTRICAL CONTACTS — Up-to-date 
condensation of manufacturer’s larger 
catalog on electrical contacts, four-page 
“short-form” catalog discusses contacts 
manufactured from fine silver, palla- 
dium and nickel, as well as of silver 
alloys including coil silver and special 
silver alloys. Also available are many 
powdered metal compositions desig- 
nated Gibsiloys. Gibson Electric Co. 
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TUBE TESTER—The Dynamic Mutual 
Conductance tube tester described in 
a four-page brochure measures GM to 
60,000 micromhos, features a VR test 
permitting checking of voltage regulator 
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THE WILCOLATOR 


. 
; j iO by 


lake al better Thermostat 


IS NEW—YET 


15 of 25 LEADING AIR-CONDITIONERS ARE USING IT 


Here is a versatile new thermostat for cooling applications; 
higher rated for new heavy duty appliances and medium 
industrial requirements 

The GA version features a special switch, cam-operated 
from the dial shaft, capable of controlling several circuits 
with a single dial. In an air-conditioner this switch enables 
the G2A to provide for “OFF” position, “FAN ONLY” and 
“FAN AND COOLING” from a single dial shaft. 

Amplitude can be factory adjusted to customer’s specifica- 
tions. Contact mechanism is not affected by vibration. 

The Wilcolator G & GA is also made for heating applica- 
tions and the G1A can control both “BAKE” and “BROIL” 
circuits for an electric range, and incorporate double pole 
break in the “OFF” position. 


For full information, contact The Wilcolator Co. 1001 New- 
ark Avenue, Elizabeth, N. J. Canadian plant: Wilcolator 
(Canada) Ltd., Mimico, Toronto, Canada. 


Standard temperature range: 40°F Min., 550° F Max. 
Special temperature ranges: to customer’s requirements. 
Type G1 and GIA: Contacts open on temperature rise. 
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Type G2 and G2A: Contacts close on temperature rise. 
Contact rating: Type Gl and GIA, 30 Amp. 125 and 250 
volts—AC non-inductive load. 

Motor Ratings: Type G2 and G2A 


120 AC 14 AMP 60 AMP 
208 AC 14 AMP 60 AMP 
240 AC 14 AMP 60 AMP 


Both motor and non-inductive ratings Underwriters listed 
and approved. 


Mounting: Back of panel or in enclosure. 
Terminals: Screw Type, AMP or Arkles. Standard shaft size 
—%” flatted to .156”. Length to customer’s specifications. 
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tubes under actual operating condi- 
tions, and offers direct reading short 
indicator to 50 megohms. Provision 
heater current is also 
provided. Also included is a high-speed 
roll chart listing over 1500 tube set- 
tings. Hickok Electrical Instrument Co. 
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DIE CASTINGS DESIGN POINTERS— | 


Suggestions for detailing die castings 
for best results 
uct efficiency 

booklet. “Design Pointers For Die Cast- 
ings.” which points out both undesirable 
and desirable designs. Typical pointers: 
Deep cavities should all be on one 
side of casting where possible; where 
corners must fit together on two cast- 


moneywise and prod- 


ings allow a relief; add ribs for strength | 


where heavy section has been cored to 


gain uniform wall: and avoid large 


plain surfaces—where possible breakup 
areas with ribs. serrations. stripplings. | 


etc. The New Jersey Zinc Co. 
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POWER POSITIONER — New type of 
servo system described in Bulletin No. 
2500 is adaptable for such industrial 


control applications as valves, machine | 
control, feed screws and remote posi- | 
tioning of devices located in hazardous 


or inaccessible areas. The power posi- 
tioner may be provided also with a 


sensing element such as a_ pressure 
transducer in lieu of the manually 
operated potentiometer. In such an 


installation, when balanced against a | 


setable reference, the power positioner 


becomes the actuator for an automatic | 


controller. Globe Industries, Inc. 


Circle No. 158, Reader Inquiry Service Cards 
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INSTRUMENTS AND ELECTRONIC 
COMPONENTS— Among the 
listed and illustrated in 

catalog No. 3042 are such aeronautical 
instruments as 


products 


resistance-temperature 


detectors and fire and overheat-detec- | 


tion systems. Available electronic com- 
ponents include 
time-delay relays: 


hermetically 
a sensitive magnetic 
hermetically sealed thermostats; 
and servo-system components. Thomas 


A. Edison, Inc. 
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relay; 


OVERTEMPERATURE THERMOSTAT 


Direct-acting control that protects 
laboratory and industrial equipment 


from exceeding pre-selected tempera- 
ture limits is described in illustrated 
Bulletin. No. RT-809. The control, avail- 
able in temperature ranges up to 800 F. 
will activate automatically 
excessive temperature is reached. Once 
it is tripped, the cutout is in an open 


LOOK TO TOBE FOR PROGRESS 


are given in illustrated | 


condensed | 


sealed | 


when an | 

















CHOOSE FROM 


TYPES OF FIBREBOARD 
INSULATION 


PRESSITE 


For Air... Oil... 
Askarel Transformers 











An absorbent, unsized 
board of 100% virgin kraft 
stock free of metallic par- 
ticles. Excellent dielectric, 
physical and chemical 
properties. Available in 
natural kraft color. 


ELECTRITE 


Harder Board for 
Variety of Punchings 


DENSITE 
Extremely 
Hard Board 





Also treated with rosin 
size. Used by many man- 
ufacturers to replace 
more costly types of insu- 
lation. Natural kraft color. 


100% VIRGIN 

KRAFT STOCK GIVES 
HIGH DIELECTRIC 
QUALITY 


These three grades of West Virginia 
Fibreboard are available in a range 
of thicknesses (.031" to .250" for 
PRESSITE and ELECTRITE, .031" 
to .125" for DENSITE). For more 
information, write to: 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department, y 
230 Park Avenue, 
New York 17, N Y. 
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position until it is 
Designated Model H2, 


Seta en | CU 


reset manually. 
the control is 











Another 
engineering FIRST... 


by International! 


This 


thermodynamic design— 


developed in International’s 
Research Laboratories 
—sets new standards for 


heat dissipation 


in Germanium Power 
Rectifier Junctions. 


STYLE C 


STYLE L 
Convection Cooled 


Liquid Cooled 


International offers a complete line of Ger- 
manium Power Rectifiers. For complete 
details on all types, request Bulletin Gpr-1. 


Ze 


Finned copper housings—the most effi- 
cient heat exchangers yet adapted to power 
rectifiers—measuring less than 2” in diam- 
eter, provide a total cooling surface of 58.3 
sq. inches! International’s Style F Germa- 
nium Power Rectifier utilizes this junction, 
which has been acclaimed by leaders in 
the engineering profession as the most 
advanced rectifier design in the industry. 

International’s Research Laboratories 
and Production Facilities have produced a 
line of Germanium Power Rectifiers offer- 
ing unexcelled performance. Four year 
field testing indicate efficiency up to 97%, 
with unlimited life expectancy. 12,000- 


hour tests show no change in forward or 


reverse resistance. Extremely low leakage 
current and low forward drop (lowest of all 
available metallic rectifiers ) emphasize the 
advantages of these units. D.C. output cur- 
rent ranges up to 2250 amps per assembly, 
and up to 100,000 amps in combination. 
The input voltage ranges up to 66 volts 
rms per junction, with an operation tem- 
perature range from —55° C to +75° C. 

The far-reaching research and develop- 
ment program of International assures you 
of greater rectification efficiency and reli- 
ability. A wire, letter or phone call to 
Application Advisory Department will 
bring an immediate and experienced 
recommendation for your application. 


International Rectifier 


eo Rk © 6 KR A Ft OB 


EXECUTIVE OFFICES: EL SEGUNDO. CALIFORNIA: PHONE OREGON 8-628! 


A WORLD OF DIFFERENCE «. THROUGH RESEARCH 


ALGAR 9-33 


THE’ WORKLE’S CARCEST SUKELIGR OF ISOVUSTRIAL METALLIC RECTIFIERS 
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position until it is reset manually. 


LOOK TO TOBE FOR PROGRESS | Designated Model H2, the control is 


| intended for use in electrical equip- 
eal | ment only. Robertshaw-Fulton Controls 
| Co. 

Circle No. 160, Reader Inquiry Service Cards 


electronic | meee ore? 


| GLASS ELECTRICAL INSULATING 
' | TAPES—Small bulletin describes glass 
interference electrical insulating tapes woven of 

| continuous-filament glass yarns. The 
. | tapes are said to have high-tensile 
filters strength, dimensional stability and 
high resistance to deterioration. They 
can be used as coil wrappers, protec- 
tive coverings, conductor insulating, 
mechanical reinforcements and similar 
applications in electrical apparatus. 
| Usefulness for high-temperature ap- 
plications is stressed. Bound into 
the brochure are samples of various 
types of the tapes. Russell Manufac- 
turing Co. 
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“AN” ALUMINUM ALLOY CHECK 
VALVE — Designed te conform to 
“AN” requirements (MS-28890-8). %- 
in. aluminum alloy check valves are 
| included in a line of MS type light- 
| weight check valves for 3000 psi service, 
and are the subjects of a two-page 
illustrated data sheet. The line, desig- 
nated Tactair Series 1800, includes 
| four aluminum alloy check valves with 
substantial weight-saving advantages. 
Tactair Valve Div., Aircraft Products 
Co. 


Circle No. 162, Reader Inquiry Service Cards 
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SUBMINIATURE BLOWERS —-Subminia- 


TOBE brings unequalled experienceto : Tobe Exclusives: ture blowers with built-in adjustable 
the solving of your filtering prob- : motor brush bracket for positive set- 
] : aan Avance eas . Feed-thru capacitor construc- | tings is the subject of an illustrated 
wore M ae : tion in filterettes. two-page bulletin. Ten-blade fans are 
techniques, and the technical data : availabl i al oe 
lated by TOBE filter special- ‘: Miniaturization with maximum ee Le Ae Snes Sea 

Cee etait, sien | 2,125—3,000 in. Drive motors can be 
ists eo the eee oe pen ea am ; | furnished with self-aligning sleeve bear- 
lems with solutions t at are quicker, : Guaranteed attenuation char- ings or ball bearings. Air direction: 
more efficient, and more reliable. For >  acteristics—under full-load op- | over motor or away from motor. Heinz 
all your filtering needs, look to TOBE ~ crating conditions. Muciler Engineering Co. 

DEUTSCH MANN, the oldest name in ; wr - g ne . Circle No. 163, Reader Inquiry Service Cards 
interference filters. - We invite inquiries on specific preceding back cover 

> applications. The services of 

TOBE FILTERETTES, available in wide : °U* engineers are always avail- COLD-ROLLED SPRING STEEL MANUAL 
range of ratings, sizes and mounting - able. Write Toss-seurecuMann —In selecting a cold-rolled spring steel, 
tyl i red t te ° SEER, Heer, ee specifying only the size, hardness, and 
styles, are engineered to operate *< the acknowledged authority on s} ying : cine, hardness, :; 
har the most severe environmental sischennke: tate Reunen a tiniem. analysis may not give a complete 
conditions. 


enough description. Other desirable 
characteristics may include certain 
properties obtainable only as a result 
speogitt of a given sequence of manufacturing, 
as well as of other considerations. These 
considerations are among the topics 
considered in the new edition of “Fact 
| Book of Cold-Rolled Spring Steels.” 
¢ | This 48-page brochure is more than a 
TERETTES catalog of the sizes, grades and hard- 

| nesses of steel offered by the maker; 
it is also a brief course in instruction 


facturers of “FILTERETTES”. 








TOBE DEUTSCHMANN + CAPACITOR PIONEERS SINCE 1929 
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on the subject of spring steel: Its 
essential qualities, the various grades, 
and annlications. How springs a 








PUNCH FAST AND CLEAN 5 «ff 
“ \EBDEGTRIGAL SHEETS rrom 





Manufacturers of motors, generators 
and other electrical equipment have 
relied for over 40 years on the 
consistently high quality of Acme- 
Newport silicon sheets. Now rolled 
exclusively from superior electric fur- 
nace steel, these sheets are always 
true to gage and size, easy to punch, 
unvarying in physical characteristics, 
constant in electrical properties. rere! 
the advantage of this Company's 
convenient location on the Mississippi- 
Ohio River system, and you have a 
most reliable regular source for elec- 
trical steels. Contact Acme-Newport 


before you buy. 





ad 
COMPANY 


NEWPORT, KENTUCKY 


“Ssarey OF ACME COMPANY 








on the subject of spring steel: Its 
essential qualities, the various grades, 
and applications. How springs are 
rolled, annealed, slit, and put through 
other operations is also explained. Wal- 
lace Barnes Steel Div., Associated 
Spring Corp. 


Circle No. 164, Reader Inquiry Service Cards 
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SYNTHETIC RUBBERS—Described in a 
16-page illustrated booklet are Neo- 
prene, a general-purpose synthetic rub- 
ber, and Hypalon, a_ special-purpose 
synthetic rubber. Text and illustrations 
point out such characteristics of Neo- 
prene as toughness and resilience plus 
important resistance properties not 
found in natural rubber. Among the 
special characteristics of Hypalon is its 
ability to be compounded into white 
or an unlimited range of colored com- 





ok d C ° pounds stable to sunlight exposure. 

Precision madae eramic parts This elastomer will not propagate flame, 

“f ° has excellent flex-life and resistance to 

to meet your EXACT specifications crack-growth. Electrical characteristics 

. E ; ; : are described as good. Elas ar C - 

Through the years Wisconsin Porcelain that Wisconsin Ceramic parts reduce fe 3 ribe E . “grt - la ie ; hem 

Co. has consistently demonstrated its rejects to a minimum and help cut scams ept., EK. 1. du Pont de Nemours 

ability to make ceramic parts to exact production costs. & Co. Inc. 
requirements. We will be glad to quote prices and Circle No. 165, Reader Inquiry Service Cards 
The uniformity and toughness of delivery ...or our engineers will work preceding back cover 


Wisconsin Ceramics speeds assembling with you on special Ceramic problems. 


and reduces production costs. Wisconsin Serving the Electrical and Electronic REMOTE INDICATING DYNAMOMETER 

Ceramics are especially adapted to auto- Riis ating £900: Peete ae ' 

matic or semi-automatic processes. ‘Certain ate s, due to 
Whether you need porcelain, refrac- WISCONSIN PORCELAIN CO. 

tory, steatite or filter parts, you will find 122 LINCOLN ST. * SUN PRAIRIE, WISCONSIN 


size or 
other limitations. cannot be tested in 
a conventional laboratory instrument. 
The line of remote indicating dyna- 
mometers, described in an illustrated 
brochure, have been designed to meet 
this requirement. Basically. the unit 
consists of a standard Dillon traction 
dynamometer with a pair of matched 
synchros and a remote case with a dial. 


eye 5 © EE STD 


‘Diamond H’ | 
. Series 270 
_ Thermostats 


Designed for grease kettles, steam 
tables, coffee urns, air conditioning, 
motor control, oil baths, platens, range 






Principles of operation, capacities, and 
Other engineering data are provided. 
W. C. Dillon and Co., Ine. 


Circle No. 166, Reader Inquiry Service Cards 
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ELECTRIC OVEN CONTROL— Available 
in a temperature range from 200 to 
550 F, compact single-dial thermostat 


; icles anda dalonand for electric ovens is the subject of 
aeaaeed ee eee ieuiediions <> bulletin RT-785. The control, specially 
“Diamond H” Series 270 thermostats provide a variety designed for shallow installations, is 
of circuits and temperature ranges in both single and equipped with a selector switch with 
double pole models. = — and positions. Robert- 
shaw-Fulton Controls Co. 
Extremely compact, accurate in calibration, they give Chabictin. 00 Mantes Renting Siesion Cards 
consistent low-differential operation and positive, over- preceding back cover 
the-center, quick action. UL approved standard ratings 
up to 25 A., 125-250 V., A. C. are available. Horse- TEFLON THIN-WALLED TUBING 
power ratings up 7 1 ~ p., eer We = a Among the applications pointed out in 
bulb and capillary lengths and sizes, together with spe- =< teen tallest TT. . 
gu ’ -page bulletin on Teflon thin- 
cial spindle and mounting arrangements may oe walled aie are use as sheathing for 
ee had in a choice of colors, marke cables, slip-on and sleeving insulation 


in motors, generators. and transformers, 
as well as service in instruments, metals, 
and a wide range of other electrical 
and electronic equipments. Processing 


THE HART MANUFACTURING COMPANY the inherent qualities of Teflon. the 


tubing is available in sizes from 4% to 4 
211 Bartholomew Avenue, Hartford, Conn. in. diam. Bulletin charts the diameters, 


Write for Bulletins T270 and T276H. “Diamond H” 


engineers will be happy to work out your specific re- 
quirements with you. 
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S I 7 POLL wall thicknesses and tolerances, and 
lists weights of standard tubing sizes. 





Now you can get the same magnetic clutches used in today’s finest sig- 
nal seeking radio tuners. Originally designed by R/C for the rigid price- 
performance requirements of the automotive industry, they are finding 
new applications throughout electrical manufacturing. Designers are 
using them to replace cumbersome, complex assemblies . . . to save space 
and eliminate costly production steps. They show further promise in 
accomplishing jobs now being wastefully done with heavy duty and servo 
types at fifty to one hundred times the cost. 

Two types of R/C magnetic clutch are in high volume production 
now. Designed for operation at from 11 to 16.2VDC, they are also avail- 
able for 32V operation ... and can be further modified to meet your 
special requirements. 

We'll be happy to send you complete information on the two types 
shown, or if you wish, we’ll have an R/C engineer at your desk ready to 
work with you to better fit R/C clutches to your needs. 


Davis & Copewood Str 


CABLE: 





Life 





Operating Characteristics 
Of New R/C Magnetic Clutches 


Operating Temperature .... 
Relative Humidity 


eets ¢ Camden 3, New Jersey 


MINTHORNE 


CANADA: Radio Condenser Co. Ltd 


SEE US AT THE I.R.E. SHOW—Booth 2308 
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EXPORT: Radio Condenser Co., International Div 


6 


Bermondsey 


..81n.-07. Minimum 














11 to 16.2V 
32V also available 


0.3 in.-0z. maximum 
130F to -20F 
tested to 95% 


successfully completed 
120,000 operations with 
no sign of failure 


an et! Oo Con 0 £.N CER Cc O.. 


, 15 Moore St., N.Y. 4, N.Y. 


Road, Toronto, Ontario 


281 


Le Tales (oahle Troe knéimeor ? 








SVV772ONM 


VERTICAL-VIBRATORY 


PARTS 


Automatically feed and 
orient piece parts... 











Feeding gear blanks 


to gear hobber 


orientating and feeding parts 


to grinding machine 


Controlled feed rates to automatic machinery 


SYNTRON Vibratory Parts Feeders have broadened the 
once limited field of piece parts handling. Syntron Parts 
Feeders with their unique, gentle vibrating action and 
rheostat controlled rate of parts flow allows the handling 
of very fragile parts, such as thin walled glass bulbs, 
easily chipped ceramic parts, explosives, etc. This is im- 
possible with mechanical feeders. SYNTRON PARTS 
FEEDERS are designed for long dependable service and 
simple, low cost maintenance. Easily adaptable to any 
automatic machinery operation, assembly, counting, in- 
specting, packaging, etc. that require single file feeding of 
small parts. Send sample parts to SYNTRON applica- 
tion Engineers for recommendations. 


Other SYNTRON Equipment of proven dependable Quality. 


BIN SINUATED 
VIBRATORS WIRE 


VIBRATOR 
FEEDERS 





Write for complete catalogue data—FREE 
SYNTRON COMPANY 


Homer City,Penna. 


490 Lexington Avenue 
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wall thicknesses and tolerances, and 
lists weights of standard tubing sizes. 
Halocarbon Div., Haveg Industries, Inc. 
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QUICK-DISCONNECT STRIP TERMI- 
NALS—Complete line of production- 
installed Fingrip quick-disconnect strip 
terminals is described in a new four- 
page bulletin. Male, female and right- 
angle terminals are described for wiring 
service in switches, fans, timers, and a 
variety of major and small electrical 
appliances. Included in the bulletin 
are complete test data, including pull- 
out, pull-off, and heat tests, as well 
as dimensional and installation informa- 
tion. Omaton Div., Burndy Corp. 


Circle No. 169, Reader Inquiry Service Cards 
preceding back cover 


TEMPERATURE CONVERSION CHART— 
Easy-to-read tables of Fahrenheit and 
centrigrade temperature equivalents are 
presented in a temperature conversion 
chart whose dimensions are 8% by 3% 
in. The reverse side illustrates by means 
of an animated demonstration the easy 
reading qualities of thermometers made 
by manufacturer. Moeller Instrument 
Co. 


Circle No. 170, Reader Inquiry Service Cards 
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CASTING WITH EPOXY RESIN COM- 
POUNDS—Technical bulletin contains 
a description of techniques involved in 
using epoxy resin compounds for cast- 
ing. Important aspects involved in cur- 
ing the cast epoxies are discussed in 
detail, both for large and small castings 
and including time and temperature 
involved. General characteristics of 
epoxy compounds are reviewed and 
major operating problems encountered 
when casting with epoxy resin com- 
pounds are discussed. Smooth-On Man- 
ufacturing Co. 


Circle No. 171, Reader Inquiry Service Cards 
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PHENOLIC PRODUCTS—FEntire product 
line of phenolic-molding materials and 
resins is described in an_ illustrated 
brochure, CDC-322. Its 12-pages pro- 
vides technical data on special proper- 
ties and features ot phenolic-molding 
powders, rubber phenolic-molding pow- 
ders, phenolic-laminated varnishes and 
other products. Chemical Materials 
Dept. General Electric Co. 


Circle No. 172, Reader Inquiry Service Cards 
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COLD HEADED FASTENERS—Design 
and advantages of cold headed fasten- 
ers and parts are the subject of a 4-page 
catalog. Text and illustrations show 
design possibilities of rivets, threaded 
parts and similar fasteners made by the 
cold-heading or cold-forging process. 
John Hassall, Inc. 


Circle No. 173, Reader Inquiry Service Cards 
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Up A Custom Cable Tree, Engineer * 





wth tt dee cb Ss 


PHALO Will Bring You Down! 


You’re an engineer . . . darn good one too ' who found themselves hanging 

. ? 
— yet this custom cable problem has you _ by a cable problem . . . you're 
way up ina tree! suddenly off the hook! 


But are you discouraged? Well, yes, honestly aoe Lt 
you are... then you have a flash PHALO Your First Step , 
— Call PHALO. Get This Catalog! 


So you do and like so many other engineers 












Commercial and Foster Streets 
WORCESTER, MASSACHUSETTS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 283 





A GEARMOTOR 
for dependable 


power in 
Small 
Applications 





@ Motoresearch geared 
induction motors are designed for 
applications where motion at slow 
speed is required. That’s why more 
than a million are in use today on 
vending, coin operated machines, 
amusement games, household 
ranges and rotisseries. These Gear- 
motors are manufactured in four 
basic sizes, with output shaft speed 
of 1 RPM and up. 


A magnetic clutch permitting 
motion for the interval where 
there is electrical contact can be 
provided. 


Flexible manufacturing opera- 
tions permit prompt delivery of 
Gearmotors ordered. 


For further information send 
the requirements of your applica- 
tion to us. 


eSEARCH Company 


gion 1600 JUNCTION AVE. 
RACINE, WISCONSIN 


Gearmotors and 
Special Electrical Equipment 
Designers Manufacturers 
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As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELecrricAL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown 
on postcards incorporated in the Reader 
Inquiry Service Cards facing back cover 
page. Readers should circle those num- 
bers indicating the reprints desired. 





REPRINTS NOW AVAILABLE 
| Developments in Polyethylene Insula- 
tion, March 1957, 12 pages. Sum- 
| mary review of new developments 
and trends in polyethylene insula- 
tion, particularly for wire and cable. 
The effect of current research in 
catalyst and radiation chemistry on 
development of new types of linear 
and modified nonlinear resins, as 
a complement to existing nonlinear 
materials, is traced. Expanded areas 
of applications are explored. Design 
problems are analyzed in terms of 
property characteristics of both the 
standard and the new materials. 
Typical property data and applica- 
tions reports are included. (233) 
Preferred Circuits, March 1957, 20 
pages. A two-part staff report on 
the program sponsored by Navy 
BuAer and undertaken by the Na- 
tional Bureau of Standards to 
evolve reliable circuits for common 
functions in Navy aeronautical 
equipment. These preferred circuits 
are designed to replace the many 
existing configurations to effect sav- 
ings in design time, maintenance, 
training, and stocking. Circuits de- 
scribed include regulated power 
supplies, a blocking oscillator, a 
pulse cathode follower, and phan- 
tastron delays. (230) 
| Signal Pickoffs for Control Systems, 
March 1957, 16 pages. Two-part 
article dealing with basic theory of 
operation of six major types suitable 
for furnishing input and feedback 
signals for control operations, in- 
cluding resistance, electrolytic, ca- 
pacitive, piezoelectric inductive and 
photoelectric types. (214) 
Timed Acceleration of D-C Motors, 
March 1957, 12 pages. Three elec- 
tronic control circuits for program- 
ming linear acceleration and decele- 





} 
| 





Editorial Reprints 





If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 
special quotation. 





Cost of 
Single Subject Reprints 


Vo. of Number of pages 
Reprints 4-12 16-32 
] Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 
25 7.50 12.50 





ration of integral-hp d-c motors in 
closed-loop drive systems: (1) For 
linear acceleration during startup 
only; (2) for linear acceleration and 
and deceleration at same rate dur- 
ing starting, stopping and speed 
changing; and (3) for linear accele- 
ration and deceleration at independ- 
ent rates during starting, stopping 
and speed changing. (213) 
Magnet Design: Two Practical Ap- 
proaches, February 1957, 8 pages. 
(1) Estimating leakage factors for 
permanent magnets, and unsatu- 
rated electromagnets, from geome- 
try of magnetic circuits; (2) Figur- 
ing air gaps for maximum pull of 
opposing (push-pull) electromag- 
nets. (212) 
A Reliability Approach to Thermal 
Design and Evaluation, February 
1957, 8 pages. Techniques for de- 
termining equipment cooling re- 
quirements in terms of reliability 
goals for electronic components. 
The techniques permit an efficient 
thermal design for a predetermined 
mean life. Methods are presented 
for evaluating developmental and 
final models in terms of the effect 


of the thermal design on _ reli- 
ability. (211) 
Static D-C References for Closed- 


Loop Controls, January 1957, 12 
pages. Describes in fundamental 
terms the operation of voltage- 
regulator circuits using magnetic 
amplifiers, silicone diodes and tran- 
sistors. Simple equations are de- 
rived for use in actual design of 
reference-voltage sources and in 
examining the performance of the 
completed circuit. (208) 
Resistor Evaluation for Critical Ap- 
plications, January 1957, 8 pages. 
Techniques for determining toler- 
ance, stability, and stamina require- 
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ments, and for derating available 
resistors of various types for specific 
applications. Examples are based on 
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Leesona No. 108 Coil Winders wind coils for the ignition system of the Wright Cyclone Model R-3350 Engine. The 


is 





system is designed and manufactured by the Scintilla Division of the Bendix Aviation Cornoration in Sydney, New York. 


At SCINTILLA DIVISION of BENDIX-Leesona: 
108’s wind Cyclone engine’s ignition coils 


When Bendix Aviation Corporation 
designed the ignition system for the 
Wright Cyclone Model R-3350 engine, 
they chose Leesona No. 108’s to wind 
the coils. 

The job Bendix has assigned to No. 
108 Coil Winders is a precision job. 
The coils they wind are bound for the 
power plants of high-flying Douglas 
DC-7’s and Lockheed Super-Constel- 
lations. 


The Leesona 108 Machine is not 
only a precision winder but an amaz- 
ingly flexible one. The No. 108 meets 
the need of a modern hand-feed winder 
with quick set-up features — where 
varied lot sizes and short runs are 
called for. Anywhere from four to 
thirty paper-insulated coils in stick 
form can be wound and an operator 
can make principal adjustments in 
three minutes with easily operated ex- 


ternal controls. 

There are no gears, no cams to re- 
move. The 108 Coil Winder reduces 
set-up time to a minimum. 


See for Yourself 


... how you can make your operations 
more economical and flexible with the 
Leesona No. 108 Hand Feed Coil 
Winder.Send the coupon for details on 
this and other coil winding machines. 


UNIVERSAL WINDING COMPANY 


P.O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 133 


Please send me 


[] Bulletin on the Leesona No. 108 Hand-Feed Coil Wigders, 





FOR WINDING COILS 
IN QUANTITY... 
ACCURATELY...USE 
LEESONA WINDING MACHINES 
SEE US AT BOOTHS 4310-431 


NGMOs ococcccccce 


TTT CTT CL CUT T eeT eET ee Cocccccece 


Compony..... cor vecccccccecccccocceccees 


i 
i 
| 
| 
| 
| 
| 
| 
| C] Condensed catalog of Leesona Winders. 
| 
| 
| 
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ments, and for derating available 
resistors of various types for specific 
applications. Examples are based on 
resistors manufactured to specifica- 
tion MIL-R-10509A. (207) 


Magnetic Materials Push Back Design 
“Stops”, January 1957, 20 pages. A 
five-part staff report on the com- 
mercial significance of new or im- 
proved Permanent Magnets, Soft 
Magnetic Materials, Ferrites and 
Thin Films; Test Methods and Ap- 





“Nothing like Kester Solder, Fred, “When it comes to rigid alloy qual- paratus and Devices and Compo- 
for speeding up those production ity control, George, you have to sc] d h d 
soldering jobs.” hand it to Kester Solder.” nents disclose at the secon 


national AIEE Conference on Mag- 
netism and Magnetic Materials. 
(206) 


Encyclopedia of Insulating Materials, 
December 1956, 12 pages. The 
organization and basis of a compre- 
hensive manual on electrical insulat- 
ing materials being developed 
under sponsorship of the Inter- 
national Electrotechnical Commis- 
sion. The manual (called officially, 

, Bt “encyclopedia”) is geared to current 

——— ee an work, tansy. it's oheaie teat, cost broad developments and aimed to 

economical.” facilitate the practical engineering 
specification of such materials for 
optimum design use. Examples of 
detailed group charts of compara- 
tive properties from the proposed 

encyclopedia are reproduced (202) 





Amplifier-Less Synchro System, De- 
cember 1956, 8 pages. An exposition 
of the general approach being 
chosen by servo designers in an 
attempt to lower the cost of servo 
systems. Described in detail is a 





“The Technical and Engineering “We have no trouble with inspec- 


Service at Kester is a great help in tion rejects now, Bill, since we relay technique eliminating the need 
licking production problems, Bob.” switched to Kester Solder.” for servo amplifier, damping net- 


ee work and servo motor. (205) 
ats Pa 


aate ae <a> rere) 13 


Digital Codes for Numerical Control, 
HOW THE WORD December 1956, 12 pages. Coding 
techniques for numerically pro- 
grammed machine tools, computers, 
supervisory control and automatic 
data-logging: Baudot printing tele- 
graph code; punched-card system; 


GETS AROUND! 





You hear comments like these 











everywhere plant men get together self-checking codes; Gray code; and 
to “talk shop.” It’s a fact .. . there’s others — plus decuuai-pinary-Gray 
no product quite like Kester Flux- code conversion. (201) 
Core Solder. And that’s why you 
see it used everywhere. Clinch Nuts for Thin Materials, No- 
vember 1956, 8 pages. Selection and 
SSS '_- SEND FOR “Solder... Its Fundamentals | application factors for self-clinching 
and Usage,” the 78-page  Kentor textbook. It’s free. as well as staked-type captive nuts 
for use in thin soft materials such as 
aluminum alloys. Results of torque 
and tensile tests are tabulated for 
various thread sizes and panel 
thicknesses. Effect of installation 
pressure is also discussed and 
shown graphically. (203) 
Magnetic Amplifiers in Power Servos, 
4209 Wrightwood Avenue, Chicago 339, Illinois November 1956, 8 pages. Study of 
prototype servo system using mag- 
Newark 5, New Jersey ¢ Brantford, Canada netic amplifiers for field control of 
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es | two back-to-back 3%-hp servomo- | @p.. 8 .. of. 





GARLOCK and 
UNITED STATES GASKET 


integrate their sales forces 
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ucts are now as near as your telephone. 

Other Advantages to You 
EVEN GREATER KNOW-HOW ... To United States Gasket’s unique 
know of oe Plastics for 
wove its 70 of experi and research in solving the 

i experience in 

sealing aroltnmen i ngs, 
closures for every conceivable need. 
INFINITELY GREATER LINE . . . offers greater selection in suiting 
each problem—one reliable source for more of your require- 
ments, simplified purchasing. 
assures that U.S.G. will continue to lead the Engineered 
Plastics Industry. Continue to produce most of the advanced 


and practices in the application of these plastics to com- 
mercial A.E.C. and military requirements. 


With these greater facilities, we look forward to serving 
an even larger proportion of your requirements, 
promptly, and economically. 


Untrtep States GASKET CoMPANY, Camden 1, New Jersey 


AREHOUSES: BALTIMORE 18, Md., 2828 
.; BIRMINGHAM 1, Ala., 519 South 19th St.; BUFFALO 2, N. Y. 

80 Broad St.; CHICAGO 6, III., 600 West 
, 8329 Vine St.; CLEVELAND 13, Ohio, 
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LEADING 
MOTOR 
MANUFACTURERS 
USE 


ses a4 Uae 


eS eS 


TO CUT OUT 
STARTING 
WINDINGS 





SYNCRO-SNAP switches operate 
on a fundamentally new principle 
which avoids frictional compo- 
nents, and results in “instanta- 
neous” snap action. 


Check these advantages: 


Instant switching action. 
“Frictionless’’ operation. 
Accurately predictable settings. 
Uniform operating characteristics. 
Wide range of cut-out speeds 
furnished to match maximum 
pull-up torque requirements. 
Wide range of cut-in speeds to 
eliminate regeneration effects, 
especially in large motors. 


Switch consists of only 3 simple 
parts. 


Large selection of standard sizes 
to meet most requirements. 


Specials available on order. 

Matching stationary switches fur- 
nished in open or closed types 
with required contact materials. 


WRITE, WIRE OR PHONE TODAY 
FOR DETAILED INFORMATION 





ENGINEERED PRODUCTS, INC. 
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34 W. Monroe St. «+ Bedford, Ohio 
BEdford 2-4100 


Research Progress 








two back-to-back 34%-hp servo mo- 
tors for military positioning appli- 
cation (antenna array) indicates po- 
tential application to machinery 
control. (209) 


in Dielectrics — 
1956, November 1956, 12 pages. On 
the spot interpretation and review 
of the round table discussions and 
formal papers presented at the 
1956 Conference on Electrical In- 
sulation. Subjects covered include 
dielectric properties of solid and 
gaseous materials; reports on studies 
in electrical breakdown; d-c meas- 
urements; new developments in sili- 
cone and glass materials; trends in 
very high temperature and radia- 
tion-resistant materials; thermal deg- 
radation of materials. Graphs and 
tables included. (210) 


Human Engineering in Equipment 


Design, October 1956, 20 pages. 
A summary review of human engi- 
neering principles and techniques 
based on field surveys and on re- 
search reports both from industry 
and military sources. Among other 
phases of the subject the following 
are discussed: The Design Stages of 
Human Engineering; Man as a 
Simple Amplifier; Data Processing 
and Systems Analysis; Instrument 
Design; Reliability and Maintain- 
ability; Human Engineering and 
Automation; Human Engineering 
in Civilian Design; and the Human 
Engineer and the Design Team. 
Design case histories are included. 

(231) 


Applying Miniature Lamps, October 


1956, 12 pages. Selection factors 
for miniature incandescent and neon 
or argon glow lamps as pilot lights, 
indicators, warning devices, dial 
illuminators: lamp identification and 
construction; life and voltage rela- 
tionships; temperature limitations; 
impact and vibration strength; light 
reflection, transmission and refrac- 


tion. (232) 


Magnetic Switching Circuits, October 


1956, 8 pages. A typical rectangular 
hysteresis loop is broken down into 
linear sections to develop the 
mathematical basis for contactless 
magnetic switches. Includes a sug- 
gested circuit for a magnetic 
selector switch for thyratron control 
with provision for monitoring the 
set state of the magnetic core. 
(Annotated bibliography included. ) 

(229) 


Analyzing Relay Networks. September 


1956, 8 pages. Switching in a com- 
plex relay network may cause sud- 





Stuck on Your 
Plastics 
Molder? 





If you're getting everything — engi- 
neering help, long experience you can 
count on, delivery, price — from your 
present source, you're wise to stay 
with it. We enjoy the confidence and 


continued 

manufacturers. 
But if you feel that you are stuck with 
your present plastics molder, it's time 
to turn to K & J for the service you 
have a right to expect and the top 
value from your molding dollar. Get 
the full story in our brochure, “‘A 


Service to Users of Compression 
Molded Plastics’’. 


business of many 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8, N.J. 
Represented by 


S. C. Uliman 
55 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 





Wm. A. Chalverus 
Carson Road, Princeton, N. J. 
Phone 1-3170-J2 


Wm. T. Wyler 
Box 126, Stratford, Conn. 
Phone Bridgeport 7-4293 
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Motor - Gear - Trains 





3:1 to 150,000:1 Ratio Range - Up to 18 Foot Pounds Torque 





@ Motors available: DC, 60 or 400 
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e 1000 hour life minimum. 

e Designed to meet MIL-E-5272A. 
e Precision gearing throughout. 

e Can be furnished up to 125°C. 


e Designed for continuous duty or in- 
termittent duty applications. 
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particular application. 

































Many other variations available. There is an Oster motor-gear-train to fit your 
exact specification. Consult Oster specialists today, sending your detailed re- 
quirements. 





Other products include servos, syn- 
chros, AC drive motors, DC motors, 
servo mechanism assemblies, synchro 
indicators, servo torque units, refer- 
ence and tachometer generators, ac- 
tuators, motor driven blower and fan 
assemblies and fast response re- 


MANUFACTURING COMPANY 
Your Rotating Equipment Specialist 





AVIONIC DIVISION 
Racine, Wisconsin 





solvers Engineers For Advanced Projects: 
Interesting, varied work on designing transistor circuits and servo mechanisms. 
Burton Browne ADVERTISING Contact Mr. Zelazo, Director of Research, in confidence. 
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Why leading manufacturers are 


“SWITCHING” WITH 






HEAVY DUTY LIMIT SWITCHES 


















Operates Over I Year Under 
A Constant Flush of Coolant! 


On a group of machines in an automotive 
plant Loxswitch limit switches are still oper- 
ating after a year under a constant flush of 
coolant (previous switches failed in less 
than a week). When manufacturers hear of 
a machine tool limit switch that gives results 
like this—at no increase in price—it’s only 
natural that they change to Loxswitch. Obtain 
these same amazing results. Write or phone 
for a copy of Catalog 956. 

LOXSwitcH is a registered trade mark for limit 

pemeetk 


switches pronounced lock-switch. 



















AT Ttal iba mt ca tk Ik 


the Manufacture of Limit 


R.B. DENISON MFG. COMPANY 


102 ST. CLAIR AVE. N.W. CLEVELAND 13, OHIO atta 





TINNED ARMATURE BANDING WIRE 


—Stainless or Carbon Steel 


STAINLESS + The many superior qualities of 
PAGE Stainless Tinned Armature Banding Wire 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL «+ Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and C1. 
The high strength of C1 is an advantage where light weight 
must be achieved. 


All above wires shipped on 50-to150-pound reels 
Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 
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den changes in circuit inductances 
that result in spuriously generated 
currents, thus upsetting the planned 
switching sequence. The principle 
of constant flux linkages is one 
method of checking a circuit design 
for these unexpected phenomena. 
Typical relay circuits are so ana- 
lyzed. (228) 


Materials and Design Factors in 


Printed Wiring Applications—I & II. 
July and August 1956, 16 pages. A 
two-part article combined into one 
reprint. Discusses the need for un- 
derstanding the basic materials of 
printed wiring, particularly the base 
laminate and the metal cladding, 
and for controlling properties and 
compliance with specifications. Data 
are given on laminates, various 
types of copper cladding, and on 
appropriate tests and specifications. 
Specific production problems are 
discussed such as batch variations; 
undesirable odor caused by im- 
proper adhesives; tooling; and vari- 
ous processing factors. (224) 


QC Computers for Machine Control— 


I & Il. July and August 1956, 20 
pages. How to design small analog 
computers for automatic feedback 
correction of closed-loop machine 
operations. These computers moni- 
tor dimension - measuring _ trans- 
ducers to calculate a machine’s 
average performance and determine 
drift from original setting for com- 
pensation by power servos. Also, 
they can determine dimensional 
variation of machine output and 
signal an alarm for excessive varia- 
tion due to machine malfunction. 
Suggested circuits and components 
are discussed. (225) 


Practical Hi-Pot Testing. August 1956, 


12 pages. Discusses advantages and 
limitations of both a-c and d-c high- 
potential dielectric strength testing 
for quality control. Outlines require- 
ments for production test stations. 
Presents typical test methods for 
electrical components. (223) 


Boolean Algebra for Switching Cir- 


cuits. August 1956, 4 pages. Sum- 
marizes the fundamentals of Boo- 
lean algebra as they apply to manual 
switching circuits. Shows, by ex- 
ample, how to reduce complex 
switch arrangements to their sim- 
plest form — eliminating by simple 
mathematics redundancies that 
might not be obvious to the eye. 

(222) 


Applying A-C Motors to Specific 


Types of Loads, July 1956, 20 
pages. The problems encountered 
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Another cost-saving application of Amplex Powder Metallurgy 


How to make a self-propelled rotary mower more 
compact and still permit the rotary blade to operate 
while the mower idled —without increasing costs! That 
was the problem company engineers tackled. One 
way was to combine three components—over-run- 
ning clutch, oil pump piston cam, differential—into 
one. They experimented widely with designs and 
materials. Result: an OILITE powdered bronze 
worm gear with one side of the hub a cam operating 
the oil pump, the other side a wheel drive ratchet. 
(The other half of the ratchet—fixed to the drive 


shaft— OILITE powdered iron.) The design achieved 
the desired compactness and idling characteristics. 
OILITE powder metallurgy achieved a major 
reduction in cost, an increase in serviceability. 


Do you have a design problem? Maybe Amplex 
has the answer. Write for detailed information about 
Amplex powder metal components—OILITE Bear- 
ings, Parts, Filters. Or call your nearest engineering 
representative listed in the yellow pages under 
“‘Bearings—OILITE.”’ 


Representatives and dealers located in principal cities in United States and Canada. 


Only Chrysler Makes OILITE 


AMPLEX DIVISION 


CHRYSLER CORPORATION @ DETROIT 31, MICHIGAN 


Ferrous and Non-Ferrous Metals 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


New 24 page OILITE bronze bearing stock 
list. Contains over 1000 sleeve, flange and 
thrust bearings—cored, bar and plate stock 
—engineering dota. Write for booklet S-56. 


Bearings ¢ Finished Machine Parts ¢ Permanent Metal Filters « Friction Units Address Dept. $D. 























| by application engineers in select- 
| ing electric motors for seven com- 
| mon types of loads are discussed. 
| For each, the nature of the load is 
| described and the type or types of 
| a-c motors that are most suitable 
| for that particular usage are enu- 
merated. The applications covered 
include: Air-moving devices; major 
appliances; hign-inertia loads; ma- 
chine tools; pumps and compressors; 
synchronous-speed loads; and busi- 
ness machines. (221) 















Relay Symposium, July 1956, 12 
pages. A report on the proceedings 
of the Fourth National Conference 
on Electromagnetic Relays held at 

-* | Oklahoma A. & M. College in April, 
1956. The review includes digests 
of some of the prominent papers 


even the most ; presented at the meeting. Topics 


featured are the establishment of 


Ss ki | led h an d design criteria through miss-testing 


programs; causes of relay faults in 


can not compete low-level circuits; shock; and aan 


tion. 


W i t h auto m at on . Corona Properties of Insulating Mate- 


rials, June 1956, 12.pages. Test 
results are given and interpreted 
as derived from an exhaustive pro- 
gram in which 26 materials were 
investigated for their corona proper- 
ties. Corona tests were related to 
inherent or intrinsic ionization of 
the materials; relative humidity 
and water immersion conditions; 
60-cycle and high-frequency con- 
ditions, among others. Included in 
this reprint is a report, “Plastics 
Arc-Quenchers for Small Circuit 
Breakers,” describing a chemical 
means for arc interruption. (217) 


































Machine Tool Electrical Standards. 
8 | June 1956, 20 pages. The latest 
version of these standards, as ap- 


un ive rs ll | proved by the National Machine 


Tool Builders Association on March 
EA tebe: 1, 1956, are reprinted in full. (219) 
winding machine | 





Statistical Approach to R & D Testing, 
. : May 1956, 8 pages. Discussion of 
If you wind Inductors, Filters, Rheostats, Transformers, Saturable the role that statistical analysis can 
Reactors, Potentiometers, Magnetic Amplifiers, Amplifiers, play in reducing cost and saving 
it will be worth your while to inquire about Universal Toroyd time in solving engineering prob- 


. . . ] -ms i See é “ve “ 
Winding Machines. ems in resé arch and deve lopme nt. 
A typical research problem is de- 


Universal pays for itself in a remarkably short time. scribed and its solution explained. 
Universal gives you a consistently uniform product at lower unit cost. (216) 


Six models—for #40 to #3 wire for all coils from small to 
super-size. Custom adaptations to your individual requirements. 


Multiple Reprints 


Write Today for Catalog of Universal 
Taping and Wire Winding Machines. 
Multiple Reprints (reprints or com- 

| pendiums into which are combined 
several separate articles on the same 


eteeaee Manufacturing Co., Inc | or related subjects) are available at 
418 Hillside Avenue, Hillside N.J. | _ the nominal prices indicated in each 
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you will receive 


unbiased advice 


because 


All four basic types of anti-fric- 
tion bearings are available from SKF. 


because 


They offer an extraordinarily 
wide range of sizes and combinations to 
meet virtually any requirement. 


because 


Their long experience in the 
widest variety of bearing applications is 
your assurance of receiving sound 
recommendations. 


because 


— Thousands of manufacturers 
have been using the SKF Bearing Ad- 
visory Service for many years — always 
with good results. This dependable 
service is available to you, too. 


7754 
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EVERY TYPE—EVERY USE 


es Ball Bearings 

~) Cylindrical Roller Bearings 
Spherical Roller Bearings 
Tapered Roller Bearings (“Tyson ) 





| 


*Reg. U.S. Pat. Of. Tyson Bearing Corporation 


INDUSTRIES, INC., PHILADELPHIA 32, PA. 


SKF 
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Pik OTe | by application engineers in select- 
ae 7 | ing electric motors for seven com- 
mon types of loads are discussed. 
For each, the nature of the load is 
described and the type or types of 
a-c motors that are most suitable 
for that particular usage are enu- 
merated. The applications covered 
include: Air-moving devices; major 
appliances; hign-inertia loads; ma- 
chine tools; pumps and compressors; 
synchronous-speed loads; and busi- 
ness machines. (221) 
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ties. Corona tests were related to 
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the materials; relative humidity 
and water immersion conditions; 
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this reprint is a report, “Plastics 
Arc-Quenchers for Small Circuit 
Breakers,” describing a chemical 
means for arc interruption. (217) 
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Statistical Approach to R & D Testing, 
May 1956, 8 pages. Discussion of 
the role that statistical analysis can 
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Six models—for #40 to #3 wire for all coils from small to 
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Multiple Reprints 


Write Today for Catalog of Universal 

Taping and Wire Winding Machines. 
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pendiums into which are combined 
several separate articles on the same 
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unbiased advice 


because 


All four basic types of anti-fric- 
tion bearings are available from SKF. 


because 


They offer an extraordinarily 
wide range of sizes and combinations to 
meet virtually any requirement. 


because 


Their long experience in the 
widest variety of bearing applications is 
your assurance of receiving sound 
recommendations. 


because 


— Thousands of manufacturers 
have been using the SKF Bearing Ad- 
visory Service for many years — always 
with good results. This dependable 
service is available to you, too. 7784 
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Ball Bearings 
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New HI-LO Contacts 


make one UNION Relay 
do t two jobs! 


Now you can use one UNION coe 
ture Relay for both high-level and 
low-level circuits. A new contact 
material handles high loads of two 
amperes or low dry-circuitry loads 
with consistent reliability. Formerly, 
two separate relays were required for 
these applications. 

The new HI-LO contact material 
provides optimum contact resistance 
for both high-level and low-level 


‘ha This means you can frequently 
save the cost of buying two different 
types of relays . . . and inventory 
expenses are much less. 

You can get all standard UNION 
6-pole and 4-pole Miniature Relays 
with HI-LO contacts. They meet or 
exceed specification Mil-5757-C and 
are available in DC or AC models. 
Write for Bulletin 1012 on UNION 
Miniature Relays. 


See our exhibit at the I.R.E. Show, 
March 18-21, Booths 2122-2124 


GENERAL APPARATUS SALES 


JUNION SWITCH & SIGNAL 


So DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 
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PITTSBURGH 18, PENNSYLVANIA 


Retewramcwtard 20K onan emsay 





| 


! 


listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELec- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N.Y. 


Human Engineering in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses 
of specific design parameters, in- 
cluding problems in military equip- 
ment, contro] systems, data proc- 
essing systems, special-purpose in- 
strumentations, and training devic- 
es. Methods for setting up human 
engineering groups within an en- 
gineering organization are given. 
Tables of human engineering “do's 
and don'ts” and other practical 
design aids are provided. Several 
articles give detailed bibliographies. 

$2.50 


Electrical Insulation and Dielectrics- 
1955. (Problems-Materials-Applica- 
tions.)—136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons, 
results of special evaluation pro- 
grams, among other subjects. $3.00 


Printed Circuits, 72 pages. New mul- 
tiple reprint, issued May 1956, su- 
persedes earlier reprint under same 
title. Subjects covered in the 11 ar- 
ticles taken from outstanding arti- 
cles appearing in 1954, 1955 and 
1956 include printed circuit tech- 
niques, artwork procedures, auto- 
matic assembly of components on 
printed circuit boards, manufacture 
of printed resistors and capacitors, 
and selection of components for 
printed circuits use. $2.50 


Practical Circuits for Grid Control of 
Thyratrons, 52 pages. A collection 
of five articles by P. H. Chin and E. 
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mei fork Designe 


— Cuty your costs! 
<a , 
improve-your products! 


Here's how National 
Retaining Rings can 
Save Time and Money— 















REDUCE WEIGHT | 
SAVE MATERIALS , 
SAVE SPACE 
SIMPLIFY ASSEMBLY \ 


REDUCE PRODUCTION 
OPERATIONS 


iti atrial Sali ie 


TYPICAL APPLICATION — 


A 25% saving in assembly cost resulted when 
retaining rings were employed in this electric 
brake. Elimination of a nut, the threading of 
one end of shaft and reduction of 8” in the 
length of an anchor pin effected additional 
important cost reductions. 


Consulta NATIONAL Engineer— He has the facts on thou- 


sands of successful applications and will be happy to discuss your 
specific design problems at your convenience. Just call or write, today ! 


THE NATIONAL LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY ° MILWAUKEE 2, WISCONSIN 
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PERFORATED 
MATERIALS 





He 


Utility - Beauty - Economy 
FOR TOMORROW'S PRODUCTS 








A MEDIUM OF 
LIMITLESS 
APPLICATIONS 


Designers are discov- 
ering an ever-increas- 
ing range of applica- 
tions for perforated 
materials. For func- 
tional or decorative 
purposes, or where a 
combination of both is 
essential, H & K per- 
forated materials are 
used in more products, 
in more accessories, 
in more places than 
ever before. 





REDUCES 
TOOLING COSTS 


Design, pattern and 
open area for almost 
every application may 
be selected from our 
thousands of perforat- 
ing dies—at no charge 
for tooling. (Tools for 
special designs can be 
built to order.) 






MATERIALS 
PERFORATED 


Harrington & King can 
perforate practically 
any metallic or non- 
metallic material that 
can be obtained in 
coils, sheets or plates 
. from foil-thin to 1” 
thick. 
H & K engineers will 
be pleased to work 
with you on your re- 
quirements. 









FIND NEAREST 


He K AGENT 
Yalow Poges | 
moon Poow| 


See our catalog in Sweet's 
Product Design File. 


Fill in and mail coupon to Listed Under 
the nearest H & K office. “Perforated Metals” 


ae leaamamammetiaaias 
arrington & Ming 


weenie co. INC. 


| Chicago Office and Warehouse New York Office and Warehouse | 
5657 Fillmore Street 112 Liberty Street 
Chicago 44, Ill. New York 6, N.Y. 


l 

Please send me— | 
[[] GENERAL CATALOG NO. 62 | 
[_] STOCK LIST of Perforated Stee! Sheets | 
l 

I 

l 


NAME 





le nitiicicaiitstanitttitemiitmmeninnnes 


STREET 








PV een STATE_ 
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E. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits. Coverage includes on-off 
control with both a-c and d-c plate 
voltages; bridge-type circuits with 
both linear and non-linear elements; 
phase-shifted a-c signals as the con- 
trol variable; a-c plus d-c control; 
the two-vector method; effects of 
load-circuit parameters on thyratron 
performance; peaking transformers; 
and the application of interphase 
transformer windings to multiple 
rectifier systems. $2.00 


Servo Series, 48 pages. A collection of 
five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 
nism design. The series is intended 
for the non-servo engineer and 
avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 
sign and analyze a simple servo. 
Coverage includes how and why 
servos work; servo terms and spec- 
ifications; selection of components; 
linear and non-linear servo design; 
linear analysis; impact-momentum 
analysis; and the phase-plane meth- 
od of servo analysis. $1.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 
Title 5 25 
Electrical Insulation and 
Dielectrics—1955 2:35 i865 
Servo Series 1.25 1.00 
Printed Circuits LTD. 225 
Thyratrons 135 1.10 
Human Engineering 1.75 1.35 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 





Clean, uniform, exact heat 
OME CHM US P43 
FUSE Ma Tg 
MUTT Can 





CHROMALOX 


Electric Strip Heaters 


Quickly and easily bolt or clamp 
Chromalox Electric Strip Heaters 
to your platens, dies, kettles, tanks, 
pipes, ovens, air ducts, for the 
many advantages obtained only 
with electric heat. 


Lengths 4” to 96” Widths %" to 2%" 
Cross-section curving or lengthwise bending. 
Ring Diameters 2%" to 11” 

115, 208, 230, 480 Volts 35 to 5,000 Watts 
Sheath Materials: rust resisting iron, high 
temperature chrome steel, Monel 

Choice of convenient terminal placements. 


FREE BULLETIN 


Call your Chromalox Represent- 
ative . . . or write today for 
Bulletin F1566. 





Edwin L. Wiegand Company 
7530 Thomas Boulevard, Pittsburgh 8, Pa 
c-21058 





*iegaw? 
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REAVER INQUIAE SERVICE CARY, TREVLEMINY BAUNR VV TEM 


Where can you 
use a CUSTOMIZED 


SUBMERSIBLE MOTOR? 


@ that can be made in any length-diameter ratio? 









lerrereperearter tis 


@ that gives high output? 


@ that runs in water, oil, or other fluids? 


Look at typical features of a J&H Underwater Motor 


1 Rotary Seal—Ceramic and graphitar faces, carefully lapped to 
insure against entry of water and contaminants. 


2 Encapsulated Windings—A special J&H epoxy compound is 
used for “potting.”” Epoxy has exceptional heat conductivity 
and does not buckle or swell under many abnormal conditions. 
“Potting” prevents winding failure, even if water enters motor. 
In fact, motor will operate as water-filled unit. 


3 Corrosion-resistant Epoxy Paint Finish. 


4 Segmented Tilting-shoe Self-aligning Thrust Assembly—Ample 
reserve thrust carrying capacity is provided. Faces accurately 
lapped for long wear. 


& Oil-filled Motor—A large reservoir of oil provides additional 
dielectric strength, insures longer seal and bearing life, protec- 
tion against corrosion. 


6 Controlled Pressure System—Diaphragm and spring assembly 
insures an internal pressure sufficient to prevent infiltration by 
external contaminants, which could occur with normal seal wear. 


@ L/D Ratio To Suit—Length/diameter ratio can be varied to fit 
casing, tank, pipeline or other designated location. 


Whether you're pumping water, crude oil, gasoline 
or other fluids, your motor need can be met quickly 
by Jack & Heintz! 





Retaining the size flexibility and long service life features of the 
underwater motors, J&H designers have already developed modifica- 
tions for operation in crude oil, gasoline and other fluids. Customizing 
any of the proved basic designs to meet your specific needs is only 
a matter of defining your service and dimensional requirements. 


SEND FOR DATA TODAY 








Confer with J&H motor specialists or write for 
folder which gives rating and performance 
data: Jack & Heintz, Inc., 17620 Broadway, 
Cleveland 1, Ohio. 





Sack & HEINTZ CUSTOMIZED ELECTRIC MOTORS 
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The R-24 4-pole induction 
reversible rotation, 
de variety 
al uses are 
as a bal- 


motor, with | 
jis adaptable to o wi 
of applications. Typic 

MeN 
in servo mechanisms; oS @ 
. motor in recording instru 


ments, and as a control — 
for voltage regulators. a 
d 2 phase, it can 
controlled nei pict 
e run single P 
ee split capacitor —_, 
Specifically omnes [* 
operate effectively ! ek 
engineering apparatus. — 
available with nore 
coupon below for additi 


ancing 


operate 






i ae 
| HOLTZER-CABOT MOTOR DIVISION | 
| NATIONAL PNEUMATIC CO., INC. | 
| 125 Amory Street, Boston 19, Mass. | 
| GENTLEMEN: () Please send me data sheets on the | 
| Holtzer-Cabot R-24 Motors. | 
l (0 Please have representative call on.............. | 
i (date) 

Rg «i acakwananpehneuaweeehsesboubohen 
{ Ns opin noche wswib1sn'nks0de4assinsewexend | 

in svctewnsbocsenseccdnctsvonsceasesenenss | 
DI, pshacavectnsanens Zone...... State...rcccoes | 
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Association Activity 





Programming Shaping Up for 
2nd Design Engineering Conference and Show 


The Technical Papers Program has 
been completed for the second Design 
Engineering Conference to be held con- 
currently with the 1957 Design Engi- 
neering Show at the New York Coli- 
seum, beginning May 20. As in the case 
of the first show held in Philadelphia 
in 1956, the Machine Design Division of 
the American Society of Mechanical 
Engineers is sponsoring the Conference. 
Program is arranged by a_ special 
ASME Auxiliary Papers Committee 
composed of the chief editors of four 
design engineering publications: Carlin 
Carmichael, Machine Design: H. L. 
Clauser, Materials and Methods: 
George F. Nordenholt, Product Engi- 
neering, and Frank J. Oliver. ELecrtri- 
CAL MANUFACTURING. 

So as not to distract from show at- 
tendance the Conferences are scheduled 
for morning, with the show opening at 
noon each day. No conference is sched- 
uled for the fourth day. Except for the 
first days session, which will be a 
panel session, on the two following days 
three simultaneous sessions are sched- 
uled in the major areas of electrical 
design. mechanical design and mate- 
rials engineering. 


Monday, May 20 9:30 a.m. 


PANEL Session: Organization and Pro 
cedures to Develop Profitable Design. 
PaNeL MEMBERS: 
T. Morris Butler, Director of Engineer 
ing, Burroughs Corp. 
Myron Curtis, Vice President, Charge 
of Engineering, The Warner & Swasey 
Co., Inc. 
George Habach, Vice President, Charge 
of Engineering, Worthington Corp. 
William Russell, Vice President, Charge 
of Engineering, Landers, 
Clark 
Robert H. Hose, Partner, Henry Dreyfus 
Associates 
Walter Dorwin Teague, Industrial De- 
signer 
Tuesday, May 21 9:30 a.m. 
Session: Electric Motors and Controls 


Selection of Motors with Rerated 
NEMA Frames 


Earl Barnes, Asst Chief Engineer, 
Reliance Electric & Engineering Co. 
Static Switching Devices 

Prof. Robt. A. Mathias, Department of 
Electrical Engineering, Carnegie Insti- 
tute of Technology. 


Frary and 


Session: Engineering Materials 
Metallic Materials 
C. R. Simco, Principal Metallurgical 
Engineer, Battelle Memorial Institute 


Ceramics and Refractory Materials 

John H. Koenig and E. J. Smoke 

School of Ceramics, Rutgers University 
Session: Mechanical Design 

New Developments in Design and 

Application of Gearing 

D. W. Dudley, Advanced Design Engi- 

neer 

General Electric Co., West Lynn, Mass. 

New Developments in the Design and 

Application of Cams 

Prof. Harold A. Rothbart 

City College of New York 


Wednesday, May 22 9:30 a.m. 


Session: Control of Automatic Machinery 
A General View of Numerical Controls 
Claude Coffin, Senior Elect. Enginee1 
The Warner & Swasey Co. 

Economics of Computer Controls 
C. B. Sung. Mech. Dev. Section 
Research Laboratories Division 
Bendix Aviation Corp. 

Session: Engineering Materials 
Plastics and Rubber Materials 
Wyman Goss. Manager Phenolics En 
gineering 
Chemical Materials Dept 
General Electric Co. 

Coatings and Finishes 

H. J. Reindl, Supervisor, Research and 
Development. Finishes Section 

Inland Manufacturing Division 

General Motor Corp. 

Session: Mechanical Design 
Automatic Machining, Assembly and 
Materials Handling and Their Effect 
on Design of Components 
Kurt O. Tech, Vice President Engineering 
The Cross Co. 

Hopper Feeding 

Floyd E. Smith, President 

Perry Equipment and Engineering Co. 
Erie. Pa. 


Wednesday, May 22 6:30 p.m 
Banquet 
Speaker: W. F. Ryan, President 
The American Society of Mechanical 
Engineers 


Although the Conference is sponsored 
by the ASME, the subject matter has 
been chosen to attract attendance by 
engineers engaged in electrical and 
electronic design as well as mechanical, 
on the original equipment level. The 
speakers have been asked to deal with 
their subjects broadly. Speakers deal- 
ing with electrical phases of design, for 
example, will interpret advanced de- 
velopments in these fields in terms that 
the engineer responsible for, let us say, 
the mechanical phases of design of in- 
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1 AVANTE The characteristics of Rhodium make it extremely 
—— well-suited for many electrical and electronic applica- 
tions. It increases efficiency when a low-resistance, long 
wearing, oxide-free contact is required. It assures low 
AN ECONO NHN low and stable contact resistance. Wear on slip rings and 
commutators is greatly reduced. Resistance to marine 
and practically all industrial atmospheres is so effective 
H AV MN that it is widely used on safety alarm contacts, where 
] ) 

inactivity. 
The corrosion-resistant properties of Rhodium 
Plating make it particularly applicable for printed circuits 
(eliminating partial rectification and unwanted signals). 
HANNE Rhodium plated reflectors are recognized as the 
finest made. Rhodium plating is unsurpassed when used 
with the open arc. 


noise level for moving contacts, no oxide rectification, 

positive contact must be assured after periods of long 

(long wear and low noise) and ultra-high frequencies 
a Am 9 Write for complete catalog material and details. 


eon netnnanarnsmnernsseaiaaii 


2 ™~ 
42 


WV 





FINE WIRE of ductile and PRECIOUS METAL CONTACTS | SUPER-SENSITIVE DEOXO" 
non-ductile material meets resist chemical attack and INDICATOR measures the 


the expanding require- effects of the electrical arc _— faintest traces of oxygen 
ments of industry with to provide long life, un or hydrogen present as 
highest quality. varying performance impurities in other gases 





pF) 45° 2 precious 
, METALS 
ae 
aw 2S 
SBE BAKER & CO., INC. 
& JAA a 113 ASTOR STREET, NEWARK 2, NEW JERSEY 
yy] Ss NEWYORK + SANFRANCISCO - LOSANGELES + CHICAGO 


ENGEL HARI INDUS TRE oS 


SPECSEARCH BHC HERS BAH S LEE SVE FP PRESSOR SETS TS 
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Tans 
Sain 
SWITCHES 


FREE 24-page 
CATALOG gives 
engineering data, 
photographs, detail 
drawings, and elec- 
trical ratings for 
entire line of 
Unimax high-sensi- 
tivity, sub-min- 
iature, general- 
purpose, low-cost, 
metal-cased, open- 
type, immersion- — 


proof, and AN/JAN | 
switches. - 
Write today for your FREE copy of this 
useful catalog. 


meses) i 


a ali 2HB56-1 


Protected against 

splashing water, 

oil, dust, condensa- 

tion, and corrosive 

gases. Silicone boot 

seals clearance be- 
tween case and operating pin. Cover 
sealed to base with thermosetting ad- 
hesive. Furnished with a wide variety 
of actuators. Electrical rating is 20 
amperes 125/250 volts a-c. 


SUB-MINIATURE SWITCH 
Unimax USM 


Exceptionally com- 

pact, fully enclosed 

single-pole double- 

throw snap-acting , 
switch. Furnished with a variety of 
actuators. Easily ganged. Sturdy, flat 
terminals handle up to #18 wire. Elec- 
trical rating 5 amperes 125/250 volts 
a-c; 4 amp. 30 volts d-c_ resistive, 
2% amp. 30 volts d-c inductive. 


LOW-COST SWITCH 
Unimax WL 


‘= 
; Engineered for low 
\> cost and high per- 
formance; widely 
used in mass-produced products. Han- 
dies 15 amperes 125/250 volts a-c. 
Quick-connect terminalis for snap-on 
wiring provide fast installation. 


’ 


METAL-CASE SWITCH 0 
Unimax K-Series 


2HB basic switch 

in die-cast alumi- 

num case, with 

neoprene-gasketed, 

interchangeable side plates; resistant to 
moisture, dust, and oil; various types 
of actuators available. 

Write for FREE 24-page catalog of all 
Unimax switches. 


UNIMAX SWITCH 


ion The W/. L. Max 


VES ROAD, WALLINGFORD, CONNEC 
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Calendar of Meetings 


Mar. 6-8—Annual Spring Technical 
Meeting, sponsored by Pressed Met- 
al Institute, to be held in Cleveland, 
Ohio. 


Mar. 11-15—Second Nuclear Engi- 
neering and Science Congress and 
Atomic Exposition; coordinated by 
Engineers Joint Council, Convention 


Hall, Philadelphia, Pa. 
Mar 18-21—Annual IRE National 


Convention and Radio Engineering 
Show, Waldorf-Astoria Hotel and the 
Coliseum, New York. 


Mar. 18-21—SPI Annual National 
Conference; sponsored by The So- 
ciety of the Plastics Indutry, Inc., 
Los Angeles-Biltmore Hotel, Los 
Angeles. 


Mar. 23-28—Silver Anniversary 
Technical Meeting and Convention, 
(American Society of Tool Engineers, 
Shamrock Hilton Hotel, Houston, 
Texas. 


Mar. 25-29—10th Western Metal 
Exposition and Congress (including 
Titanium Conference), and Techni- 
cal Sessions of the Society for Non- 
destructive Testing; sponsored by 
American Society for Metals, Am- 
bassador Hotel and _ Pan-Pacific 
Auditorium, Los Angeles, Calif. 


Mar. 27-29—19th Annual American 
Power Conference, sponsored by 
Illinois Institute of Technology; Ho- 
tel Sherman, Chicago. 


Apr. 7-10—Instruments and Regu- 
lators Conference, sponsored by 
ASME, Northwestern University, 
Chicago II. 


Apr. 8-12—Annual Spring Meeting 
and Welding Show, co-sponsored by 
American Welding Society and 
AIEE, Hotel Sheraton and Conven- 
tion Hall, Philadelphia, Pa. 


Apr. 9-10—Annual Conference on 
Electronics in Industry, jointly held 
by the Professional Group on Indus- 
trial Electronics of the IEE and the 


dustrial machinery, can also under- 
stand. 

As was the case for the first Design 
Engineering Show, the show manage- 
ment is Clapp & Poliak, Inc. of New 
York. Over 400 exhibitors have signed 
contracts for exhibit space. 


IRE Inaugurates ‘Affiliate’ Plan 

Basic change to Professional Group 
System was made when the Board of 
Directors of the Institute of Radio 
Engineers adopted a plan permitting 


a j 


Armour Research Foundation of the 
Illinois Institute of Technology, on 
the campus of the I.1.T., Chicago, III. 


Apr. 11-13—9th Annual Southwest- 
ern IRE Conference and Electronics 
Show and the Second National Simu- 
lation Conference of the Professional 
Group on Electronic Computers, 
Shamrock Hilton Hotel, Houston, 
Texas. 


Apr. 23-25—Fifth National Con- 
ference on Electromagnetic Relays, 
School of Electrical Engineering, 
Oklahoma Institute of Technology, 
Oklahoma A. and M. College, Still- 
water, Okla. 


Apr. 24-26—Seventh Regional IRE 
Conference; U. S. Grant Hotel, San 
Diego, Calif. 


Apr. 25-26— Annual Technical 
Meeting of the Institute of Environ- 
mental Engineers, LaSalle Hotel, 
Chicago. 


Apr. 29-May 2—Technical Con- 
ference of the National Warm Air 
Heating and Air Conditioning As- 
sociation, Hotel Cleveland, Cleve- 


land, Ohio. 


Apr. 30-May 1—Thirteenth Annual 
Meeting and 1957 Metal Powder 
Show, the Metal Powder Associa- 
tion, Drake Hotel, Chicago. 


May 1-3—1957 Electronic Compon- 
ents Symposium, cosponsored by 
AIEE, IRE, RETMA and West 
Coast Electronic Manufacturers As- 
sociation; Morrison Hotel, Chicago. 


May 1-3—1957 Spring Meeting and 
Exhibit; Society for Experimental 
Stress Analysis, Hotel Statler, Bos- 
ton, Mass. 


May 3-7—First Western Air Con- 
ditioning, Heating, Ventilating, Re- 
frigeration Conference and Exhibit; 
sponsored by the American Society 
of Air Conditioning and Heating 
Engineers; Shrine Exposition Hall, 
Los Angeles. 


qualified non-IRE members to become 
affliated with certain of the IRE Pro- 
fessional Groups without first having to 
join the IRE itself. 

In effect, the IRE is extending the 
specialized services of its 24 Profes- 
sional Groups to every field of engineer- 
ing and science, in order to provide 
more effectively for the rapidly spread- 
ing influence of electronics in every 
walk of scientific and technological life. 
Adoption of the Affiliate Plan is re- 
garded as one of the most important 
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Silicone News 


FOR DESIGN ENGINEERS 





NOW... RUBBER YOU CAN SEE THROUGH 





One of the more recent research de- 
velopments of Dow Corning is a silicone 
rubber with glass-like transparency. 

The new rubber, Silastic* Type K Inter- 
layer, shows exceptional promise as a 


center layer in “safety glass” windshields 
On supersonic aircraft. Whereas conven- 
tional safety glass interlayers soften, 


bubble and lose shear strength at the high 
temperatures generated by supersonic air 
speeds, the new Silastic material retains 
full strength and clarity at temperatures 
ranging from —65 to over 350 F. No. 117 


*T.M.REG.U.S. PAT. OFF. 


Accuracy Of Timer Assured With Silicone Damping Fluids 


Exhibiting remarkably little change in 
viscosity at temperatures ranging from 
—70 to over 400 F, silicone fluids have 
helped engineers design greater depend- 
ability into many modern instruments. 
One interesting new application is found 
in the “Timelok” manufactured by the 
Euclid Electric & Manufacturing Com- 
pany, Madison, Wisconsin. 


An integral timing device for controlling 
d-c motor starters and controllers, Timelok 
relies on the consistent damping force of 
Dow Corning 200 Fluid to provide long time 
accuracy despite temperature variation. 


The Timelok timer consists basically of a 
steel piston inside a hermetically sealed 
cylinder filled with Dow Corning 200 
Fluid. When a coil is energized, magnetic 
flux pulls the piston through the sili- 
cone fluid. 


To quote Euclid engineers, “Fraction-of- 
an-inch movement of a piston within a 
chamber of silicone fluid constitutes the 
simplest form of mechanism possible and 
contributes to the long life of the timer. 
Silicone fluid offers a distinct advantage 
over the best petroleum oils because of its 
very low change in viscosity with varying 
temperatures. The fluid is also extremely 
stable and will not break down to form 
gummy or solid substances.” 


Timeloks are available in time intervals 
ranging from 0.2 to 10 seconds, depending 
on the viscosity of the 200 Fluid employed. 
ATLANTA * 


BOSTON * CHICAGO * 


CLEVELAND »* 
Canada: Dow Corning Silicones Ltd., Toronto; 


Each can be further adjusted manually 
in a 6 to 1 ratio and all are interchangeable 
within any contactor. 





















Euclid designers have always relied 
exclusively on silicone fluids for depend- 
able damping. They are so confident of the 
reliable operation of every Timelok that 
they have a standing offer to replace with- 
out cost any timer that fails to outlast the 
contactor with which it operates. No. 118 


ALL NEW — 1957 GUIDE TO DOW CORNING 
SILICONES is a twelve page, fact-filled catalog 
which briefly describes the silicone products of 
interest to most industries. Containing latest data 


| 
| 


| 


and information, the guide is designed expressly | 
to help you enjoy the advantages, profits, and | 
savings made possible through imaginative use 


of these unique engineering materials. 


DALLAS * DETROIT °* 
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LOS ANGELES °* 
Great Britain: Midland Silicones Ltd., 


SILICONE ENAMEL SURVIVES 
1000F IN SPACE HEATER TESTS 


A mishap during a recent high tempera- 
ture test on space heater finishes 
dramatically emphasized the superiority 
of silicone based paints and enamels. 


The top surface grill of the space heater 
being tested was finished with an enamel 
formulated with a modified Dow Corning 
silicone resin. “Cooler” areas of the unit— 
sides and front — were coated with an 
organic paint. 

During the heat test, an oven thermostat 
failed. Temperatures soared to an esti- 
mated 1000 F where they stayed for several 
hours before the trouble was discovered: 
By then, the following changes had 
taken place: 

(1) The organic finish was completely 
destroyed. All trace of the binder 
was gone and the dry pigment still 
adhering to the surface brushed off 
on contact. The metal under the 
organic finish had turned blue-black. 


In contrast, the grill finished with 
a silicone resin finish still retained 
95% of its original coating. The 
finish was still well bonded and no 
noticeable change of color had 
taken place. 

Comparative tests on special panels later 
confirmed these findings in the laboratory. 
After 5 minutes exposure to 800F, the 
organic finish had lost all of its binder; 
after 30 minutes at the same temperature, 
the silicone finish was still firmly bonded, 
showed only moderate color change, and 
still provided maximum protection. No. 120 
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WAYS 


for Engineers to 
Solve Fastening Problems! 


pon 


Your PRESTOLE rep- 

resentative has this 

volume of fastener 

_ information now — 

| and will be glad to 

_ review it with you at 
_- your convenience. 
See list below 


' 
Be. 


PRESTOLE—designers and producers of 
precision-built, cost-saving, industrial fasteners of 
all types- has just completed a new volume 

of standard fastener data, designed to assist 
industrial design engineers in finding the right 
fastener for every application. 


Complete, illustrated, specification- type data, 
based on years of fastening ‘‘know-how’’, is listed 
on every type of Prestole fastener available. 


There is a method to solve any fastening problem 
. and Prestole has it! Let our representative 
call and show you how. No obligation, of course! 
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39 + Fred F. Alleman John G. Simon | 
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CONNECTICUT— 


MANCHESTER Wn. € Fist -P.0. 
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Electronic Sales Associates, Inc _ “407 Northerest Rd. 
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changes that has been made in the 

IRE structure in its 45-year history. 
The “Affiliate” Plan is admittedly an 

experiment. To be an Affiliate of a 


| Professional Group, a person must be- 


long to an accredited organization 
approved by that Group and the IRE 
Executive Committee. Moreover, he 
must not have been an IRE member 
during the five years prior to his appli- 
cation. 

The fee for Affiliates is the assess- 
ment fee of the Group, plus $4.50. The 


| latter covers IRE subsidies to the 


Group, Professional Group overhead 
expenses borne by IRE Headquarters, 


| and 50 cents which is to be rebated 





to IRE Sections for mailing and meet- 
ing costs. 


Cincinnati Conference On TV Set for 
April 26-27 
The Eleventh Annual Spring Technical 
Conference on Television will be held 
this season on Friday and Saturday, 
April 26-27, 1957, at the Engineering 
Society of Cincinnati Building, 1349 
East McMillan St., Cincinnati, Ohio. 

The conference will be sponsored by 
the Cincinnati Section of the Institute 
of Radio Engineers in cooperation with 
the IRE Professional Group on Broad- 
cast and Television Receivers and the 
IRE Professional Group on Broadcast 
Transmission Systems. 

Papers chairman is John R. Ebbeler, 
Avco Mfg. Corp., Crosley Div., Even- 
dale, Cincinnati 15, Ohio. 


| E—IR—Theme of AIEE District Meeting 


As the theme of the Northwestern 
District Meeting of the American In- 
stitute of Electrical Engineers, May 1-3, 
Wendell - Sherwood Hotel, Pittsfield, 
Mass., the group has selected: E=IR 


| (Engineering Equals Industrial Revolu- 
| tion). 


Recognition of the contribution of 
electrical engineering to the secend 
industrial era will be emphasized, with 
sessions on computers and data pro- 
cessing equipment and industrial elec- 
tronic and control devices and units. 
Other sessions will be devoted to trans- 
formers, communications, heating and 
air conditioning, as well as to power 
generation. 


| Conference on Titanium to Run Concur- 


rently with Western Metal Congress and 
Exposition 
To meet the interest in light metals 
on the West Coast, the American 
Society for Metals will hold a Titanium 
Conference set to run concurrently with 
the Western Metal Congress and Expo- 
sition, Mar. 25-29, Los Angeles. 

The meetings will be presented at 
the Ambassador Hotel by the Society’s 
Metals Engineering Institute. Complete 
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details of the Titanium Conference are 
available from ASM’s headquarters at 





~N 


i a ee en le 6 


THE FORWARD LOOK 
INCLUDES 


CY PAK 


... to provide automatic conveyor control 
at the new Plymouth assembly plant 


Seven CYPAK* static control systems control the scheduling of 
auto bodies into storage conveyors at Chrysler Corporation’s 
new assembly plant at Newark, Delaware. 


In one CYPAK system, for example, the operator can select 
any of 15 storage lines by just pressing a button. A similar 
CYPAK system unloads the bodies, in pre-selected order, 
again through the use of just a pushbutton. 

CYPAK was chosen because of its elimination of maintenance, 
economical operation, and reduced space requirements. 

For complete information on CYPAK call your Westinghouse 
representative, or write Westinghouse Electric Corp., 


Dept. B, P.O. Box 868, Pittsburgh 30, Pa. — * Trade Mark 
J-22002 
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Which of these oil-proof enclosures can 








NOW- 


with the 


ACRO 


TOWN OL 
ta 


Your Choice 
of 5 New 
Actuators 





With its small size, high capacity, and newly- 
designed actuators, the Acro Subminiature 
Switch meets an exceptionally wide range of 
design requirements . . . provides many new 
development possibilities for subniiniature 
assemblies. 

The electrical rating of this precision Acro 
Snap-Action Switch—10 amperes at 125 or 
250 volts A.C. or 28 volts D.C.—is over four 
times that of most switches this size. It will 
operate within a temperature range of from 
+350° to —80°F., and its terminal arrange- 
ment permits wiring double circuits. 

Switching mechanism is enclosed in a du- 
rable plastic case which can also be adapted 
to various types of present actuators and 
mountings not shown. 


Write for literature, engineering data! 








ACTUAL SIZE 


CIRCUIT ARRANGEMENTS 


| 
ann 


com 


| 





DOUBLE THROW DOUBLE CIRCUIT 





FORMED LEAF 


ROLLER LEAF 


fom la lat 


} 


~/ 


TOGGLE 


Kobertshaw Fulton 


, CONTROLS COMPANY 
mR. CONTROLS 


ACRO DIVISION 


Columbus 16, Ohio 


In Canada: Robertshaw- Fulton Controls (Canada) Ltd., Toronto 
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details of the Titanium Conference are 
available from ASM’s headquarters at 
7301 Euclid Ave., Cleveland. 

Major titanium authorities are being 
invited to speak at the Conference, at 
which enrollment will be limited. 

Among topics to be covered are: Ap- 
plications, Design and Cleaning; Form- 
ing; Machining; Welding and Brazing; 
and a panel on Research in Progress. 


Welding Show Anticipates Record- 
Breaking Attendance 


The fifth Welding Show, an industrial 
exposition sponsored by the American 
Welding Society, will be held at Con- 
vention Hall, Philadelphia, Apr. 9-11. 

The Society believes that the art and 
science of welding have made such 
significant strides in recent years that 
an exposition in a large industrial center 
is important both to the welding industry 
itself as well as the entire metals field. 

During the same week as the Show, 
the Society will conduct its annual 
National Spring Meeting, from Apr. 8- 
12, at the Hotel Sheraton, Philadelphia. 
A feature of the 1957 meeting will be 
the co-sponsorship of three sessions by 
the Committee on Electric Welding of 
the American Institute of Electrical 
Engineers. This is the first time the 
AIEE has joined in the sponsorship of 
the Society’s sessions. 


Walter J. Barrett Nominated for AIEE 
Presidency 


Nomination of Walter J. Barrett, New 
Jersey Bell Telephone Co. engineer, 
for the presidency of the American 
Institute of Electrical Engineers, and 
of five vice presidents and three direc- 
tors was announced at the Winter 
General Meeting of the American 
Institute of Electrical Engineers, Hotel 
Statler, New York. 

Mr. Barrett will serve as 1957-58 
president of the Institute, which, with 
its world-wide membership of 51,000, 
is the largest engineering society. 

Born in Brooklyn, Mr. Barrett has 
been with the Bell System since his 
graduation from Polytechnic Institute 
of Brooklyn in 1920. He has served as 
AIEE treasurer since 1953, and has 
been president of United Engineering 
Trustees, Inc., since 1955. 

L. F. Hickernell, chief engineer, 
Anaconda Wire and Cable Co., Hast- 
ings-on-Hudson, N. Y., was nominated 
for the office of treasurer. 


CES To Stage 14th Annual Machine 
Design Conference 

The Cleveland Engineering Society’s 
Machine Design Division will stage its 
14th Annual Machine Design Confer- 
ence on Thursday, Mar. 7, at the Soci- 
ety’s headquarters, 2136 East 19th St., 
Cleveland 15. The all-day three-session 
Conference will have as its theme, 
“Progress through Design.” Specific 
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All welded 


Siatait Met eel 
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oil, water, dust 


External mounting 
feet and cover 


clamp 


Heavy gauge con- 
tinuous hinge 
Neoprene gasket 
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Removable mount- 
ing panel 
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NEMA TYPE 12 PANEL ENCLOSURES 


These panel enclosures are strong, rigid and cleanly finished. All 
welded construction on heavy gauge steel. No knockouts or holes to admit oil, 
water, dust. Stock sizes at low cost for fast delivery. Or we can make any 
size you want. Illustrated above is wall cabinet type. We also make a floor 
mounted 2-door series in the following sizes: 54x42x8, 60x48x8, 60x48x10, 
60x60x10, 72x60x10. 


STANDARD STOCK SIZES, SINGLE DOOR, WALL MOUNTED 


16x12x6 30 x20x6 30x 24x8 42x36x8 
20x 16x6 30x 24x6 36x 24x8 48 x30x8 
20 x 20 x6 36x24x6 36x30x8 48 x36x8 
24x20x6 24x24x8 42x30x8 60 x 36x8 


2” WIRING BOXES 


This is a unique small box which may 
be just what you are looking for. Com- 
pletely oil-tight and dust-proof. Neo- 





these oil-proof enclosures can _ 
you use right now? 


Write us 


WE SPECIALIZE IN HIGH QUALITY 
SHEET METAL ENCLOSURES OF 
ADVANCED DESIGN 


Here are some of the Hoffman boxes that 
the trade likes so well today. We build them 
strong and give them a smart, clean finish. Cus- 
tomers like them so well we’ve had to double 
and then redouble our production space. Why 
not look at a sample? You'll see why. 

All of these models comply with J. I. C. spec- 
ifications and come in a wide range of sizes. 
They are stocked by selected electrical whole- 
sale distributors—fast service. But we can make 
any special size you need to fit your specifica- 
tions. Tell us your problem—we can work it out. 


eee eee ne Meee Rete eee EEO EEE E HEHE OEE AE EOE EOEEEE® 


Improved 
™ J.1.C. WIRING 
NE BOXES 







4x 
6x 
6x 


4x3 
4x3 
6x4 
8x 6x3% 
10x 8x4 
12x10x5 
14x 12x6 
16x 14x6 





Oil-proof 
Dust-proof 


Fourteen gauge steel, welded seams, all sides flanged. 
Neoprene gasketed cover chained to box, clamps on tight, 
opens up easily. No screw holes to leak oil or water. 
Clamp screws captivated, cannot get lost. Available with 


prene gasketed cover. Cover screws 

thread into the box outside the gas- 
ket line. Available with or without 
mounting feet. Stock size 4 x 2 x 2, 
or other sizes on specification. 


or without removable panel. Eight standard sizes. 





2000000000 ee eee OOOO OEE EE EEE E EEE E EH EOE Hee 


Need a 
little one 


like this? 
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PUSHBUTTON BOXES 


Patented openings will fit all standard makes of oil- 
tight units. Conduit connections can be made at any 
location you specify. Neoprene gasket provides positive 
cover seal. This type is made of 14 gauge steel, and 
is immediately available in ten standard sizes to accom- 
modate from one to twenty-five push buttons. Cost is 
surprisingly low. 


J.1.C. 
WIRING 
TROUGHS 


Ideal for electrical wiring on machinery, in 
buildings, and outdoors where oil, dust, dirt 
or water is a problem. All seams welded, no holes in trough 
or cover. Gasketed clamp cover provides tight seal. Eight 
standard sizes ranging from 242 x 242 x 12 to 4x 4x 72, 
Special sizes on request. 


Note: These troughs are also available with flanged ends 
and fittings that can be bolted together to make a con- 
tinuous oil-tight wireway. 
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| DESIGN ENGINEERS say this 









"No matter what type of 
explosion-proof fitting we 
need, Crouse-Hinds has it!” 





GASOLINE BLENDER CONTROL 
PANEL built by Proportioneers, 
Inc. for Shell Products. 


REAR VIEW Panel contains 58 
different types and sizes of ex- 
plosion-proof Condulets—a total 
of 715 in all. 


“DESIGN as you will — CONDULETS fill the bill” 


No matter how complicated your electrical con- 
duit layout, you'll find everything you require in 
the Condulet Catalog. There are more than 
15,000 different types of Condulets, plugs, re- 
ceptacles, switches, controls, circuit breakers 
and lighting fixtures — for both hazardous and 
ordinary locations. 











NATIONWIDE 


DISTRIBUTION 


enctusively through 
ELECTRICAL 
\ DISTRIBUTORS / 


For complete freedom in layout design, get 
acquainted with Condulets. Product Engineering 
Advisory Service available on request. 


CROUSE-HINDS company 


Main Office and Factory: Syracuse, N. Y. 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


* Registered 


FLOOD LIGHTS © CONDULETS ¢ TRAFFIC SIGNALS @ AIRPORT LIGHTING 
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subjects scheduled for review include: 
“Stress Concentrations as Design Fac- 
tors”; “Engineering and Design of Me- 
chanical Springs”; “The Engineering 
Problems of the Pin-Spotter Machine” ; 
“Human Engineering and Design”; 
“Basic Synchros and Servomecha- 


. 


nisms”; “Predicting Machine Perform- 
ance”; “Systems of Automation” and 
“New Drafting Techniques.” 
Attendance annually is between 300 
and 400 major engineering people from 
Northern Ohio and adjacent territory, 
which includes Buffalo, Pittsburgh, Cin- 
cinnati, Detroit, Erie, Youngstown, 


Akron, Columbus and Toledo. 


IDI Announces Plans for 7th Award 
Program 


The Annual IDI Design Award Pro- 
gram, initiated in 1951 by the Industrial 
Designers’ Institute, has been developed 
as a means of giving unbiased recog- 
nition to individual designers for their 
outstanding contributions to American 
living. The awards—in the form of a 
gold medal and _ citation—are de- 
termined by a panel of professional 
designers representing the various 
phases of industrial design. The basis 
of the award is the professional evalua- 
tion of designers’ contributions to the 
field, the manufacture and the ultimate 
consumer, through the study of mass- 
produced products submitted on behalf 
of a specific designer or design team. 

Results of the judging will be an- 
nounced at a luncheon in Chicago on 
June 20, 1957, at which the Industrial 
Designers’ Institute will present the 
medals, as well as display the designers’ 
works for which the awards will be 
made. 

Submission of designers’ work may 
be made between February 15 and May 
5, 1957 on forms available from Walter 
C. Granville. 38 South Dearborn St.. 
Chicago 3, Il. 


Electric Heating Conference Set for 
Toledo April 23-24. 


The third Biennial Conference on Elec- 
tric Heating, sponsored by the Ameri- 
can Institute of Electrical Engineers 
and the Toledo Section of AIEE will 
be held April 23-24, Commodore Perry 
Hotel, Toledo, Ohio. 

The Conference will emphasize the 
practical rather than the theoretical 
aspects of industrial heating methods 
and equipment. The Conference is 
under the auspices of the Electric Heat- 
ing Committee, Industry Division, of 
ALEE. 

The Conference will open with a 
basic refresher session on the funda- 
mentals of resistance and of radiant, 
dielectric and industrial heating, and 
will close with four concurrent work- 
shops where members of the audience 
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will have an opportunity to confer with 
experts in the various fields of heating. 
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GENERAL CABLE 


MAGNET WIRE 


| | Peg | PACKAGES! 
_ CONVENIENCE! 
ECONOMY! 


General Cable STAR’PAK pails and drums cut loading and 
threading times, feed freely without elongation, provide extra 
convenience and protection in transportation and storage! No- 
deposit, non-returnable STAR-PAK available containing all stand- 
ard types of magnet wire Size 30 Awg and larger, in 100-pound 
pails, 250 and 500-pound drums. Standard spools also available 
in all types and sizes. For consistently superior quality, more users 
specify General Cable Magnet and Enamel Wires. 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distribution Centers Coast-to-Coast 


v= 








REE So 


for quality and service... specity GENERAL” -CABLE 
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RIFLE MAKER SAVES OD 


> 


with GRC 
DIE CASTING 


Illustrated rifle part die cast in one 
piece by Gries not only costs 86% 
less than former 3-piece assembly, 
but is actually superior—more pre- 
cise, better looking, with no assem- 
bled parts to loosen. By die cast- 
ing in one piece, and in one auto- 
matic operation, substantial savings 
in time and money are realized. 
Designs can be simplified to reduce 
or eliminate machining and assem- 
bly. Quick deliveries on quantities 
of 100,000 to many millions. 


NO MINIMUM SIZE! 


Maximum length: 134” 
Maximum weight: 2 oz. 


Send today for samples and bulletin. 








will have an opportunity to confer with 
experts in the various fields of heating. 

An illustrated, bound booklet of the 
papers to be presented at the Confer- 
ence will be included as part of the 
registration fee. 


Record-Breaking Attendance Anticipated 
at Welding Meeting 


More than 90 speakers will address the 
annual Spring meeting of the American 
Welding Society when it meets in Phila- 
delphia Apr. 8-12, in conjunction with 
the annual Welding Show. For the first 
time the American Institute of Electri- 
cal Engineers will join the Society in 
sponsorship of some of the sessions. 

The Institute’s Committee on Electric 
Welding will cosponsor two sessions on 
resistance welding and one on arc weld- 
ing. 

Among the topics to be discussed at 
the Conference—to be held at the Hotel 
Sheraton—will be nuclear reactors and 
irradiation effects, as well as sessions 
on the welding of titanium and zir- 
conium. The Show will be held at Con- 
vention Hall. 

Attendance at the concurrent events 







WORLD'S FOREMOST 
PRODUCER OF SMALL 
DIE CASTINGS 


is expected to exceed 10,000. Advance 


Western Metals Show 
i i 
See GRC in L.A.! registration tickets and hotel informa- 


Booth 617 











MODERN 
ELECTRONIC 
ENGINEERING 





tion may be obtained from Robert T. 
Kenworthy, exposition management, 12 


E. 41st St., N. Y. 17, N. Y. 





GIVES PRECISE Reader 
MOTOR SPEED are 

CONTROL 
Service 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current, power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 





Te oad DIV. of ELECTRO DEVICES, Inc 
4 Godwin Ave. 


308 


Paterson. N. J 


look at these advantages of 








Postcard return cards are pro- 
vided preceding back cover as a 
convenience to the reader in 
obtaining— 


New Components and Materials. 


Additional data from the sup- 
plier on any items reviewed. 


Literature for the Design Engineer 


A copy of any manufacturer’s 
publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 


More information on any prod- 
uct or service described. 
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here's how Seeburg matches 
P-K fasteners to the job 


And Parker-Kalon’s wide range of types 
and sizes makes it possible 


“By carefully selecting the right P-K screw for each assembly 
we've reduced rejects and stepped-up production,” says Joseph 
Kamys, engineer of J. P. Seeburg, manufacturers of the famous 
line of Select-O-Matic ‘‘200’’ Coin Operated Phonographs. 





< ‘‘Take the fastening of metal kickplates 
and base moldings to wood cabinets, for 
example. They must hold permanently 
and go in fast without splitting the wood. 
P-K Type-A Self-tapping Screws are just 
right for the job.” 















‘In a metal-to-plastic application such > 
as the fastening of high-frequency speak- 
ers to formed plastic housings—P-K 
Type-Z thread-forming Screws go in right 
without cracking the plastic—stay put, 
even under high vibration.” 








< ‘In this important subassembly, ap- 
pearance is important as well as depend- 
able holding power. Here we use P-K 
Type-A Phillips Recessed Head Screws in 
a metal-to-metal application.” 


® 
Whatever your product or application . . . ferrous or non- 
ferrous castings, sheet metal or structural steel, plywoods, 
asbestos compositions, pliable or brittle plastics ... = 
Parker-Kalon can furnish the proper fastener to speed 
assembly, reduce rejects, cut costs! 
Sold Everywhere Through Leading Industrial Supply Distributors. fasteners 


PARKER-KALON DIVISION, General American Transportation Corporation. Factory: Clifton, New Jersey. 
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IRIDITE 


) » Wiara Saag Ura Pee 
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MONUMENT STREET @ BALTIMORE C 


FINISHES 





for 
CORROSION-RESISTANCE, 
PAINT BASE on 
ALUMINUM and MAGNESIUM 


EASE OF USE—Iridite is a simple chromate conversion 
treatment. Fast, easy, economical. You just dip, brush 
or spray it on the part at room temperature. No spe- 
cial equipment. No specially trained personnel. 
OUTSTANDING PERFORMANCE—Forms a film that is an 
integral part of the metal itself. Can’t flake, chip or 
peel. Takes paint firmly on initial application, and the 
bond lasts. Even protects areas scratched in use. 
LOWEST COST—You have only minimum equipment 
cost, no special racks, high speed operation, lower 
overall handling costs. 

CHOICE OF APPEARANCE—Clear coatings that retain 
metallic lustre to dark, maximum protection coatings. 
A variety of colors is available by dyeing. 


IRIDITE 14 and 14-2 (Al-Coat) for ALUMINUM 


Two specially formulated finishes that give you maxi- 
mum latitude in aluminum treatment. Both provide 
excellent corrosion protection and paint base. Iridite 
#14-2 is an improved product that allows greater 
flexibility in operation and coating thickness and pro- 
duces the optimum in corrosion protection. 

Either coating provides corrosion resistance superior 
even to complicated electrolytic treatments in a frac- 
tion of the time. These coatings also offer many other 
valuable characteristics: they have low electrical re- 
sistance, they aid in arc-welding, provide a good base 
for bonding compounds, have no effect on the dimen- 
sional stability of close-tolerance parts. Final appear- 
ances ranging from clear through yellow iridescence to 
full brown can be obtained. By dyeing, you can pro- 
duce red, green, blue, orange or yellow finishes. 


IRIDITE + 15 for MAGNESIUM 


Produces a protective, paint base film with corrosion 
resistance at least equal to that obtained from long, 
high-temperature dichromate treatments in a fraction 
of the time and at room temperature. The appearance 
of the coating can be varied from light brown to dark 
brown and black. 


APPROVED UNDER GOVERNMENT AND 
INDUSTRIAL SPECIFICATIONS 


SEE FOR YOURSELF WHAT IRIDITE CAN DO... SEND SAMPLE 
PARTS FOR FREE PROCESSING. Look at the results, test the pro- 
tection, evaluate the savings. Also write for handy Reference 
File of the most complete data published on chromate conversion 
coatings. Or, for immediate information, call your Allied Field 
Engineer. He's listed under “Plating Supplies" in your classified 
phone book. 


5 


INCORPORATED 


~ 


Pia 


Manvfacturers of Iridite Finishes for Corrosion Protection 
and Paint Systems on Non-Ferrous Metals; ARP Plating Chemicals. 


West Coast Licensee—L. H. Butcher Co. 


MANUFACTURER’S TESTS PROVE 





Manufacturers’ 
Publications 





For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source, 


THIN-ELECTRICAL STEEL MANUAL— 
New 56-page manual presents designers 
of electrical equipment with represen- 
tative test results on three types and 
five different thicknesses of thin-elec- 
trical steel. Some of these data have not 
before available and were de- 
veloped over a wide range of inductions 
and frequencies. 

The booklet covers many subjects 
including advantages, applications, spe- 
cific uses, how supplied, fabrication, 


been 


mechanical and physical properties, 
magnetic properties, testing methods 


and conversion factors. 

Included are 39 
curves, ranging 
lamination 
core loss at 


of design 
core loss to 


pages 
from 
factors. Among these are 
elevated temperatures; 
exciting rms volt-amperes at elevated 
temperatures; and a-c permeability at 
elevated temperatures. These curves and 
the data pertaining to them were de- 
veloped at the company’s research 
laboratories and are published for the 
first time. 

Copies of the Manual, P. O. 4856, 
may be obtained by writing on com- 
pany letterhead to Product Information 
Armco Steel Middle- 


town. Ohio. 


Service. Corp., 


ROLLED SOLID AND LAMINATED 
PRECIOUS AND BASE METALS—lIllus- 
trated booklet describes the character- 
istics and applications for: Solid and 
Laminated Flatstock; Raised Lay; 
Spot Lay; Solid and Laminated Tub- 
ing: Waveguide Tubing: and Special 
Tubing: Other pages provide informa- 
tion on Wire, Contour-Rolled Stock, 
Solders and _ ordering information. 
Copies of the brochure may be obtained 
by writing on letterhead to D. E. Make- 
peace Co., Div. of Union Plate and 
Wire Co., Attleboro, Mass. 


ELECTROHYDRAULIC SERVO VALVES 
—The 28 pages of Volume 3, No. 2 of 
the Cook Technical Review are devoted 
to electrohydraulic servo valves. Part I 
presents basic information on the types 
and characteristics of high-response 
servo-control valves. Second section 
describes the various types of valves 
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that are commercially available and dis- 
cusses the selection of these valves and 
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NEW... 


General Electric Double-diode 
Vacu-Sel Rectifier 


With a few minor modifications in most 
basic circuits General Electric’s new 
double-diode Vac-U-Sel rectifier can 
replace the heavier, larger, 6AL5 tube 
and socket. Cost of the new Vac-U-Sel 
rectifier to you may be only about 65% 
that of a tube and socket. 

Although designed for a wide range 
of uses, the new General Electric 
Vac-U-Sel double-diode rectifier is 
ideally suited for use as a TV hori- 
zontal-phase-detector diode. Other out- 
standing features include: 


@ longer life 
@ breakage-resistant 
@ low cell capacitance 


@ no filament power required 


G-E Double-diode 
Vac-U-Sel Rectifier 


6AL5 Tube 
and Socket 


Cuts Costs as Much as 35% 





Sealed firmly in a durable, moisture- 
resistant housing the new General 
Electric Vac-U-Sel selenium rectifier 
is designed to be automatically as- 
sembled by machine. Longer leads are 
available for hand assembly in con- 
ventional chassis. Units consist of two 
single cells which may be either com- 
mon cathode or plate-to-cathode con- 
nected. 


SEE THIS GENERAL ELECTRIC 
VAC-U-SEL DOUBLE-DIODE REC- 
TIFIER ... INSTALL IT .. . OB- 
SERVE FIRST HAND ITS HIGH 
PERFORMANCE .. . WRITE TO- 
DAY FOR A FREE PRODUCT 
SAMPLE. 


*Reg. trade-mark of the General Electric Co. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





FREE 
RECTIFIER 


for trial installation 


To: 

General Electric Company 
Section D 461-45 
Schenectady 5, N. Y. 


Gentlemen: 

Please send me free of 
charge one new General 
Electric Vac-U-Sel double- 


diode rectifier. 
WY 
nr 
uw 
ae 
a 
a 
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a een 


COMPANY. 
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BLOWER WHEELS BEST . . . 


PLUS 


— \ $30,000 


—: a PER YEAR 
—\\s, SAVINGS! 


SS - =i "4 


Molded of F-10001 Nylon ‘qeatested with 
machined aluminum hub molded integral. 


— 


A major appliance manufacturer put PLASTURBO blower 
wheels through exhaustive tests to compare their efficiency, 
strength, and sound characteristics with the metal wheels for- 
merly used in their product. The results proved conclusively 
that PLASTURBO wheels (40% lighter than metal of the 
same size) were 20% more efficient than fabricated metal 
wheels. They were also quieter . . . and non-corrosive . . . big 
PLUS-values in any consumer product. 

In addition PLASTURBO BLOWER WHEELS COST 
THEM LESS than metal .. . effecting a savings to the man- 
ufacturer of $30,000 per year. 

If YOU use blower wheels, call or write today. Our sales 


engineers can improve your product at a saving to you. 


*Registered TM Patented 


FRACTIONAL HP MOTORS BLOWER ASSEMBLIES 





More than 20 years’ experi- 
ence in the manufacture of 
fractional HP electric motors 
is at your disposal. Send de- 
tails of your requirements. 


Mamco blower assemblies 
are made in many sizes. All 
assemblies employ PLASTUR- 
BO blower wheels. Call or 
write today. 


W VAs 
NVULL Ln ct: 


RACINE 2, WISCONSIN 








that are commercially available and dis- 
cusses the selection of these valves and 
their applications. Copies of this issue 
are available at a cost of $1.00 per copy. 
Address orders to Circulation Manager, 
The Cook Technical Review, 2700 N. 
Southport Ave., Chicago 14, Ill. 


RECEIVING TUBE MANUAL—Techni- 
cal data on more than 575 receiving 
tubes including types for black and 
white and color television and series- 
string applications are included in the 
revised and expanded RCA Receiving 
Tube Manual RC-18. Complete with 
more than 75 illustrations, the Manual 
covers basic tube theory and application 
information. The receiving-tube classi- 
fication chart is arranged to facilitate 
rapid tube selection according to fam- 
ily class, function, and filament or 
heater voltages. Copies of the Manual 
may be obtained at a cost of 75¢. Ad- 
dress orders to Commercial Engineer- 
ing, Tube Division, Radio Corporation 
of America, Harrison, N. J. 


HANDBOOK OF MECHANICAL SPRING 
DESIGN—The completely revised and 
expanded edition of “Handbook of 
Mechanical Spring Design,” is an 84- 
page manual of a comprehensive and 
authoritative presentation of the prin- 
ciples of spring design and the funda- 
mental formulas for stress and deflec- 
tion of every type of spring—as well 
as for wire forms, assemblies and small 
stampings. This data is supplemented 
by an up-to-date compilation of the 
physical and mechanical properties of 
the most frequently used spring ma- 
terials. Also included are many practi- 
cal considerations of spring design and 
manufacture. 

Included in the “Handbook” for the 
first time are the commercial tolerances 
for compression, extension and torsion 
springs which can be held by the 
spring-maker under the usual methods 
of production at no extra cost to the 
customer. 

Copies of the “Handbook” will be 
sent to engineers of spring-using com- 
panies who request it on company letter- 
heads. Address: Kent S. Putnam, As- 
sociated Spring Corp., Bristol, Conn. 


RECTIFIER CALCULATOR—Slide rule- 
type calculator for computing rectifier 
and thyratron circuits makes it possible 
to readily determine design parameters 
for most of the frequently used circuits. 
Copies may be obtained at a cost of 25¢ 
each. Address letters to Electrons, Inc.. 
127 Sussex Ave., Newark, N. J. 


PRESSURE-SENSITIVE TAPE MANUAL 
—Complete with a 4-way “tape finder,” 
70-page Guide enables specifier of 
pressure-sensitive products to select 
tapes in four ways; by government spe- 
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In hundreds of applications, such as this computer, R/M “Teflon” tape-covered wire offers the ultimate in dielectric strength and trouble-free performance. 


For better design and performance 


specify R/M CTeffon p 


A unique combination of properties— 
electrical, thermal and mechanical— 
makes R/M “Teflon” ideal for use as 
insulation, particularly at high tem- 
peratures and high frequencies. R/M 
“Teflon” Tape, for example, has been 
extensively used to insulate hookup 
wire for complex circuits. This tape 
has great toughness and resiliency, is 
easy to handle, conforms well to odd 
shapes, and can be readily adapted to 
automatic wrapping operations. With 
the trend toward miniaturization re- 
sulting in higher operating tempera- 
tures, the excellent heat resistance of 
R/M “Teflon” permits much greater 
freedom in design than ordinary di- 
electric materials. 

Here are some of the electrical 





properties of R/M “Teflon”: 

1. Power factor — less than 0.0003 over 
entire spectrum from 60 cycles to 
30,000 megacycles 

2. Volume resistivity — greater than 10!° 
ohm-cm, even after prolonged soak- 
ing in water 

3. Surface resistivity— 3.6 x 10!° ohms 
even at 100% humidity 

4. Good arc resistance — On exposure to 
an arc, the material vaporizes, leav- 
ing no carbonized path 

5. High short-time dielectric strength 
from 1000 to 2000 volts per mil, 
depending on thickness 

6. Good temperature resistance— electrical 
properties are essentially unchanged 
up to at least 400°F. 

R/M pioneered in developing the po- 
tentials of “Teflon” for the electrical 
and electronics industries. So R/M 





roducts 


engineers are in a specially good posi- 
tion to help solve your problems— 
call on them. And remember, we fabri- 
cate “Teflon” to specifications or supply 
it in rods, sheets, tubes, and tape in all 
standard color codings. Send for our 
bulletin 


“R/M Teflon Products.” 


*A Du Pont trademark 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION, MANHEIM, PA. 


FACTORIES: Manheim, Pa.; Bridgeport, Conn.; No. Charleston, S.C.; Passaic, N.J.; Neenah, Wis.; Crawfordsville, Ind.; Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics « Asbestos Textiles « Mechanical Packings « Industrial Rubber « Sintered Metal Products e Rubber Covered Equipment e Abrasive and 
Diamond Wheels e Brake Linings ¢ Brake Blocks « Clutch Facings e Laundry Pads and Covers e Industrial Adhesives « Bowling Balls 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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MIGHTY MITE PROTECTS 
MOTORS AGAINST FAILURE 
REGARDLESS OF 





314 


Mighty Mite motor 
protectors can be 
furnished as small as 
4," long x 44” wide 
for motors rated up 
to 4 h.p., 115/230 
volts. Millions of 
Mighty Mites used 
in leading makes of 
electric motors have 
proved dependable 
performance. 









ACTUAL SIZE 
MODEL H-200-M 


ele 


ACTUAL SIZE 
MODEL SU-100-L 








ACTUAL SIZE 
MODEL SU-100-M 


Mighty Mite protec- 
tors add years of ser- 
vice life to any motor 
by continuously and 
automatically elimi- 
nating over-heating 
and charring of in- 
sulation, as well as 
possible burn-out. 
Mighty Mites are 
tamper-proof and 
cannot change their 
factory-set operating 
characteristics. 


Mighty Mite units 
are accurately pre- 
calibrated at the re- 
quired break temper- 
ature up to 200°C. 
They are supplied in 
special “ready-to- 
use” packages, and 
require no further 
sorting, adjusting or 
other handling prior 
to actual installation 
on the motor assem- 
bly line. 


Mighty Mite thermal protectors can be conveniently fitted 
into practically any stator design. In operation, they will 
automatically break the circuit to the stator field whenever 
the motor exceeds a predetermined safe operating tempera- 
ture. When the temperature returns to normal, the Mighty 


Mite will automatically reconnect the circuit. 


SAMPLES AND ENGINEERING AID AVAILABLE 








cifications, by the manufacturer's prod- 
uct number, by tape type, and by spe- 
cific application within 134 industrial 
classifications. Included in the line are 
electrical and specialty tapes; colored 
printable tapes; printable tapes; and a 
complete line of industrial adhesives, 
among others. Complete specifications 
and suggested applications are given 
for the tapes, adhesives, coatings, and 
other pressure-sensitive products for in- 
dustrial use. To obtain a copy of the 
Manual, write on company letterhead to 
Mystik Adhesive Products o., 2635 
North Kildare Ave., Chicago 39, IIl. 





Engineering 
Standards 





Fixed Paper Dielectric Capacitors for 
Energy Storage Use 
Publication No. CP 8-1956 deals with 
fixed paper dielectric capacitors which 
are hermetically sealed in metal cases 
and which are designed primarily for 
energy-storage purposes where the a-c 
component is negligible but the charg- 
ing currents, and especially the dis- 
charge currents, may be high. 
Information is given on service con- 
ditions, voltage and capacitance ratings, 
base dimensions, cases, terminals, dis- 
charge devices, marking and tests. 
Copies of the standards publication, 
priced at $1.00 each, may be obtained 
by writing to NEMA, 155 East 44th 
St., New York 17, N. Y. 


Silicone Varnished Glass Fabric 


Standards described in publication No. 
VF 5-1956 apply to silicone varnished 
glass fabric in sheet form, full-width 
rolls and tapes to be used as electrical 
insulation between metal parts in elec- 
trical apparatus. The standard covers 
methods of test, dimensions and _ per- 
missible variations, physical and elec- 
trical properties, splices, typical fin- 
ished weights and typical curve of a-c 
dielectric loss characteristics. 

Requests for copies, priced at 75¢, 
should be addressed to NEMA, 155 East 
44th St., New York 17, N. Y. 
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de-rating factor? 


HEINEMANN ELECTRIC COMPANY 


Plum Street, Trenton 2, N. J. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


When you specify HEINEMANN Circuit Breakers, 
the current ratings you select are stable ratings 

. . . precise, actual indications of the load 
current the breakers will carry continuously— 
Miceli RMT Le)ailaeCoutleetelteom er til om 


Unlike thermal devices, there is no erratic 
behavior when the heat’s on. No compensation 
or de-rating needed. 


HEINEMANN dependability is yours in standard, 
odd or fractional ratings—to your specs—from 
0.010 to 100 amperes. And with HEINEMANN 
you can match tripping characteristics 

(time delay or instantaneous ) 

directly to the application . . . for sure, precise 
equipment protection. 



















.... Investigate MILLER-HARRIS 
ELECTRIC TIME CONTROLS 


to make your product automatic — 
improve performance — lower 
costs — increase saleabiiity. 


More than 30 MILLER-HARRIS models available. Modifica- 
tions or combinations of existing units often provides special, 
new applications with minimum delay and tooling cost. Pro- 
duction facilities with capacities of thousands of timer units 
per day. 





Series 123 
Clothes Dryer 
Timers 



















Series 110 
Pushbutton Timers 


Series 116 
Appliance Timers 


Model 5P 
Portable 24 Hour 
Time Switch 


Series 100 
Repeat Cycle 
Timers 








Write for 
Illustrated 
Brochure 





Series 103 
Sequence Timers 


MILLER-HARRIS INSTRUMENT CO. 
609 EAST OGDEN AVE. © MILWAUKEE 2, WIS. 


Model 148 
Defrost Control 








BETTER CONNECTIONS 


JONES BARRIER 
TERMINAL STRIPS 


Leakage path is increased—direct shorts from frayed 
Ce ett 
between terminals. Binder screws and terminals brass, 
nickel-plated. Insulation, black molded bakelite. Finest 
ea a Me ta 





No. 2-142 





No. 2-142-%W 


aT lo ee ha OL Tb 
No. 2-142-¥ 


Illustrated: Screw Terminals—Screw and Solder Terminals—Screw Terminal above Panel 
with Solder Terminal below. Every type of connection. 


Six series meet every requirement: No. 140, 5-40 screws; No. 141, 6-32 screws; No. 
142, 8-32 screws; No. 150, 10-32 screws; No. 151, 12-32 screws; No. 152, '/4-28 screws. 


Catalog No. 21 lists complete line of Barrier Strips, and other Jones Electrical Con- 
necting Devices. Send for your copy. 


See the Jones Display at the 1.R.E. Show—Booth 2535. 


HowaARD B. Jones DIVISION 


CINCH MANUFACTURING 


CORPORATION 
h4 ( ray z ( Pa Ze en! 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 
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Book 
Reviews 


Handbook 
2 Vols. 
technic 
per set. 


of Electronic Measurements. 
Edited by Moe Wind. Poly- 
Institute of Brooklyn, $15 


This Handbook offers up-to-date, con- 
veniently collated information on elec- 
tronic measurements and combines 
basic exposition with practical informa- 
tion. It presents a compendium of 
measurement methods, categorized ac- 
cording to frequency, from d-c through 
the microwave region. Complete de- 
scriptions and illustrations of necessary 
equipment are given and orders of ac- 
curacy and physical magnitude indi- 
cated. 

Edited by Moe Wind, research as- 
sistant professor of ‘electrical engineer- 
in, Polytechnic Institute of Brooklyn. 
The Handbook was prepared under the 
sponsorship of the General Engineering 
Laboratory of the Rome Air Develop- 
ment Center, Griffis Air Force Base, 
Rome, N. Y. 

Written in eighteen chapters by 
seventeen authorities eminent in the 
field for their work on the topics 
assigned to them, the Handbook is in 
two volumes totaling 879 pages. More 
than 600 photographs, tables and charts 
are included in the work. 


Manufacturing Methods and Processes, 
Arthur C. Ansley, Published by Chil- 
ton Company, Philadelphia. 562 pp, 
$12.50. 


During thirty years as head of small 
manufacturing firms making radio and 
audio devices, the author probably 
often found that while his basic in- 
terest was in electronics, perforce he 
had to familiarize himself with manu- 


| facturing techniques to. make a profit 


and stay in business. Long a member 
of the IRE and the Acoustical Society 


| of America, he joined the ASTE (Tool 


Engineers.) While the only photos in 
the book credited to his present com- 
pany deal with dip soldering of printed 
circuits, it is pretty obvious that Mr. 
Ansley is familiar with a lot of manu- 
facturing processes not necessarily as- 
sociated with light manufacturing in 
metals or electronics, like electroform- 
ing. All the metal-casting processes 
are described, from shell molding to 
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THmE WATIONAL SCEW 


FAMOUS NYLON JOINS NATIONAL’S MATERIALS FAMILY. Proved in thousands of tough 


applications, versatile Nylon now becomes more useful to the designer than ever. 


National makes it so in extruded rods and 100% 
Standard rod sizes range from 4” through 


usable finished fabricated parts. 


2” in 3 and 6-foot lengths. Inquiries on 


other sizes and shapes are invited. National’s expert engineering counsel assures the 
commercial soundness and economy of your product. And men, machines and capacity 
place National in a unique position to serve your immediate needs. 


NATIONAL CAN HELP YOU 


reduce unit product cost or improve 
product performance at no added 
cost. Here’s why: You can select the 
“one best material’? from over 100 
grades of PHENOLITE®, Vulcanized 
Fibre and NATIONAL Nylon—without 
compromise in properties or cost. You 
can simplify production and purchas- 
ing with the timed delivery of 100% 


usable parts—from a single reliable 
source. You gain competitively with 
National’s new materials and grades 
—the direct results of programmed 
materials-research. 

You benefit by calling National 
first. Check Sweet’s PD File 2b/Na, 
the Telephone Directory Yellow 
Pages, or write Wilmington 99, Dela- 
ware, Dept. C. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


MACHINING SKILL GIVES 100% USABLE PARTS as exem- 
plified by this precision-turned 4-40 thread screw 
of Nylon. National has the skills and equipment 
to fabricate almost any part you design. Whether 
your order requires the simplest punching process 
or the most complex screw machine operation, you 
get the same result: 100% usable parts. 


celia 
et 


e 


INDUSTRY'S BROADEST LINE OF BASIC MATERIALS gives 
you greatest design freedom. With the addition 
of Nylon, the National line of materials—already 
industry’s most extensive—grows to more than 
100 grades and combinations. These include Vul- 
canized Fibre and PHENOLITE® Laminated Plastic. 
The result is greater selectivity for you—unbiased 
recommendations from National—and virtually 
any combination of properties you desire. 

VISIT NATIONAL AT LR.E. 

BOOTH NO. 4507-09. 


( NWATIONAL 
eee et = 


in Canada: 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 
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you should 








know 











about 














bacon fat 











and 





Albanene 


Here's the buying information you should have 
to get the best value when you buy tracing paper. 























mineral oils—much the way bacon fat makes a paper towel transparent. 
Eventually, these oily fluids “leak” out—leaving the paper opaque and 
useless for reproductions. 














Result: Valuable drawings on ordinary tracing papers eventually become 
yellow or brittle—lose their reproduction qualities. And, these days, replace- 
ments often cost twice as much as the originals. 











2.The K & E way-—Albanene tracing paper is made transparent with an 
inert synthetic resin which is chemically stable . . . can’t leak out—ever! 














Result: Albanene stays transparent . . . stays strong . . . protects every 
nickel you invest in time and talent working on it. 

















as well as pencil taking and erasing qualities. The very qualities that have 
made Albanene—America’s best selling tracing paper. 


Try Albanene Today .... it’s available in 3 weights and in rolls, sheets 
or pads. Try it now ... it’s the best value you can buy! 























89 YEARS OF LEADERSHIP 


In equipment and materials for drafting, surveying, 
reproduction and optical tooling . . . in slide rules 
and measuring tapes. 


S>KEUFFEL & ESSER CO. 


NEW YORK - HOBOKEN, N. J. - Detroit - Chicago - St. Louis - Dallas - San Francisco - Los Angeles 
Seattie - Montreal 
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important: During manufacture, constant testing guarantees uniformity | 





1. The usual way of “transparentizing” tracing papers is with waxes or | 


| 





investment castings. Forging and extru- 
sion techniques are included as well as 
the more familiar stamping and form- 
ing processes. To the standard machin- 
ing methods the author adds chapters 
on ultrasonic and_ electric-discharge 
machining. 

Fabrication and assembly processes 
include welding and brazing and all 
the mechanical fastening devices, in- 
cluding methods of crimping terminals 
on wire and wrapped connections. 
Unusual in a book of this character is a 
chapter on ceramics as dielectrics and 
another on woodworking. Cabinet mak- 
ing is an art allied to radio manu- 
facture. 

Mr. Ansley does not treat any of 
these manufacturing processes in depth. 
Some he dismisses in a paragraph. But 
he illustrates his book profusely, with 


| some 450 photographs, mostly large 


ones segregated at the end of each 
chapter. This makes it easy to skim 
through the chapters. To fellow elec- 
trical manufacturers, therefore, this 
book could well serve as a quick 
reference to all known processes, in- 
cluding and perhaps emphasizing the 
most advanced. The in-depth treatment 
would then be sought in some heavier 
tome like the “Tool Engineers Hand- 


| book.” 


Human Engineering Factors 


in Your Equipment Design 


e An increasing number of com- 
panies today are setting up design 
groups to evaluate the human en- 
gineering problems relevant to their 
own company products and to for- 
mulate human engineering approaches 
and standards. The human factor is 
being recognized as a prime design 
consideration. It exists in every 
machine where man is a component 
by virtue of use, operation, service or 
maintenance. 


Engineering groups embarking 
on this area of study will find author- 
itative source material in a new 
ELECTRICAL MANUFACTURING design 
compendium just off the press and 
titled “Human Engineering in Equip- 
ment Design.” 


This booklet brings together ten 
reprinted articles dealing with the 
theory, technique and practice of 
human engineering. The articles, all 
previously published in ELECTRICAL 
MANUFACTURING, were written for the 
special needs of the designer of 
electrically energized machines, equip- 
ment, appliances and instruments. 


For contents data and how-to-order 
details, see announcement of Reprints 
Available on page 284. 
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Do _— have _ Synchronous Speed 
Application with 
Requiring... Induction Simplicity 


Allis-Chalmers new development — the Synduction 


motor — offers these characteristics at low cost — 
... Constant speed, regardless of with the dependability of an induction motor. In 


load or voltage, depending only addition to constant speed from no load to pull-out, 
on frequency. it also offers across-the-line starting, wide range of 
speeds and high efficiency. It’s another example of 

... Synchronized speed for a number MORE motor pioneering by Allis-Chalmers. 
of motors Allis-Chalmers invites your inquiry, in the belief 
F that many processes can be improved by the appli- 
Adjustable s lil allie cation of Synduction motors. Our engineers will 


— gladly analyze your present operations to help you 
variation at any speed setting. determine where Synduction motors can be applied 


profitably. Call your A-C office or write Allis- 
Chalmers, General Products Division, Milwaukee 
1, Wisconsin, for Bulletin 51B8440. 


Synduction is an Allis-Chalmers trademark. 


oy ALLIS-CHALMERS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 319 



























































































































































































































































‘SIMPLET 


HUB-LUGS* 


*patent applied for 


A simple, quick way to assure a moisture- 
proof, strong, rigid, durable mounting of 
fittings in machinery electrical systems. 
Stops costly drilling of holes in backs of fit- 
tings. Provides positive seal against shorts, 
equipment breakdown. Meet N.M.T.B.A. 
and J.I.C. recommendations. Made to fit 
Ideal-Simplet rectangular and FS, FD 
fittings only. 






»+. and only 
completely 


REUSABLE 


| - CONNECTORS 


for liquid - tight flexible metallic conduit 





/ : 
Easy to apply. Positively seal out vapor, 
oil, water, dust. Tremendous gripping 
power thru serrations on split ring. U.L. 


EF and UA conduit. 


---- 


SEE YOUR WHOLESALER 
IDEAL-SIMPLET FITTINGS, Inc, 
A Subsidiary of Ideal Industries, Inc. 
1008C PARK AVENUE, SYCAMORE. ILLINOIS 
PP tee ew ew ee ee eee eB ee eee ee ee eee 
; Want More Details? Send Coupon NOW « 


© IDEAL-SIMPLET FITTINGS, Inc. ;008C Park Ave., 
® Sycamore, Illinois 


' Send all Hub-Lug and V.O.T. data with prices 1 
Send new catalog [) 


8 Name 


8 Company. 


OP IIE scmnctanntpicasittieaninatiageniiataicetid till tiidtbiiaptcnizemaen 


I ccnesseisnitibasicninttcienesiniiagee iat cataiaiticsicncitn 
Se SS SSS SSS See ee eee eeaeeaee 
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Approved by 200-lb. pull test. Fit both | 











Men in Industry 





George Louis Curtis becomes systems- 
planning engineer at the Palo Alto, 
Calif. research and development facility 
of Federal Telecommunication Labora- 
tories, division of I T & T. Prior to 





George L. Curtis 


joining FTL, Mr. Curtis was a member 
of the application-engineering division 
of Lynch Carrier Systems and also was 
associated previously with Lenkurt 
Electric Co. in design and engineering 
activities. 


At Motorola Inc., Chicago, Karl H. 
Horn has been promoted to chief tele- 
vision engineer. Mr. Horn was educated 
in Germany and has been associated 
with Motorola since 1953, starting as 
an engineer. In 1954 he was named 
chief engineer of the firm’s Canadian 
operations. The company has also 
named a new assistant chief television 
engineer. He is Lawrence Mattingly. 


Borg-Warner, Chicago, has advanced 
J. F. Weiffenbach to the position of 
director of research and engineering. 
An engineering graduate of the Uni- 
versity of Michigan, Mr. Weiffenbach 
succeeds Henry M. Haase, who recently 
was elected president and chief execu- 
tive officer of Borg-Warner’s newly 
acquired York Div., manufacturer of 
air-conditioning and refrigeration equip- 
ment. 


Dr. Norman H. Enenstein has joined 
Electro-Pulse, Inc., Culver City, Calif., 
as vice president and director of engi- 
neering, with responsibility for directing 
the company’s research, development 
and product-engineering activities in 
electronic instrumentation. Prior to his 
new position, Dr. Enenstein had worked 
for a period of over seven years at 





Hughes Aircraft Co. on the design and 
development of microwave antennae, 
radar systems, transistor circuits and 
data-processing systems. 


Feedback Controls, Inc., Waltham, 
Mass., has appointed Theodore P. 
Heuchling engineering-vice president. 
Holder of an SB and SM in electrical 
engineering from M.I.T., Mr. Heuch- 
ling was a member of the staff at the 
M.I.T. Servomechanisms Laboratory 
for five years and at Ultrasonic Corpor- 
ation for four years, before joining 
Feedback Controls as chief engineer. 


At the Lanly Company, Cleveland, 
A. W. Sokolowski has been promoted 
to vice president-engineering. Joining 
the company in 1939 after graduating 
from Purdue with an electrical engi- 
neering degree, Mr. Sokolowski became 
chief engineer—a position he will con- 
tinue to hold—in 1946. The company 
designs and constructs all types of in- 
dustrial heat-processing equipment. 


Robert A. Cole has joined Tally 
Register Corp. as chief engineer. 
Former supervisor of computation and 
data processing for Boeing Airplane 
Co.’s Bomare project since its inception 
five years ago, Mr. Cole will devote 
most of his time at Tally Register to 
creative engineering in this special 
field. A mechanical engineering gradu- 
ate of Iowa State College, Mr. Cole 
entered the data-processing field almost 
at the very beginning of the guided 
missile era when, as a captain in the 
Air Force from 1942 to 1946, he was 
research and development engineer in 
the special-weapon section at Wright 
Field, Dayton, where guided missile 
and control systems for missiles were 
developed. 


Elmer A. Beck, Jr. has been promoted 
to executive engineer by Cook Research 
Laboratories, division of Cook Electric 
Co., Chicago. With the Laboratories in 
1952 as a mechanical research and 
development engineer, Mr. Beck in his 
new position will be a group leader 
of the systems-development section. 


Promotion of James R. Ireland from 
director of research to director of re- 
search and engineering has been an- 
nounced by the Indiana Steel Products 
Co., Valparaiso, Ind. Prior to his asso- 
ciation with Indiana Steel, Mr. Ireland 
was chief engineer with Thomas and 
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a completely new 
subminiature paper 
tubular capacitor 






i 
J 


Because the terminal is mechanically retained in 
the case, independent of the captive solder seal, 
the new design permits perfect positioning with 
uniform accuracy. 









ad 


Hermetically sealed with Sangamo’s new “Innerseal” 
terminal...for higher reliability...for longer service life 


Here is today’s latest development in minia-_ ends or section damage. It permits optimum 
turized military type capacitors—a newly de- performance and reliability through greater 
signed terminal for Sangamo subminiatures. flexibility of internal design. 

This Sangamo engineering development offers The solder is confined and automatically 
many advantages over conventional seals. sealed. Solder or flux cannot run down inside 
The ‘‘Innerseal’”’ structure seats and locates case to cause life failures due to contamina- 
itself exactly on the case. Terminals cannot tion. There are no cracked terminals due to 
be cocked at angle, extend out of case, or be solder time variation. 

pushed too deeply into case and cause cupped Write for full information—ask for Engineer- 
: ing Bulletin TSC-117, or 


















NEW CAPACITOR AT THE I. R. E. SHOW 
VISIT SANGAMO BOOTH 1213 


SEE THIS 








SANGAMO ELECTRIC COMPANY 


Electronic Components Division 
SPRINGFIELD, ILLINOIS 
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Skinner Steel Products and also served 
as an engineer in the Magnetic Mate- 
| rials Dept. of Western Electric Co., Chi- 
cago. He received a B.S. degree in 
| metallurgical engineering from the Uni- 
versity of Michigan in 1939. 





John R. Duffy has been appointed 
chief engineer, Lindberg Engineering 
Co., Chicago, with responsibilities for 
directing activities of an expanding en- 
gineering department and responsibility 
for the designing of a complete line of 
heat-treating furnaces, kilns and high- 
vacuum heating equipment. Mr. Duffy 
was graduated from the University of 
Notre Dame and is the author of numer- 
ous articles on industrial heat-treating 
processes. 






























As the newly elected vice president, 
engineering, at Whirlpool-Seeger Corp., 
William E. Mahaffay will direct all ac- 
tivities of the St. Joseph, Mich., firm 
relating to engineering, research and 
development. He has been associated 
with Whirlpool-Seeger Corp. in various 
engineering positions since 1951. 


Company 
Briefs 





The Electronics Division of Elgin Na- 
tional Watch Co. is closing, effective 
March 2, its American Microphone plant 
at Pasadena, Calif., moving equipment 
and key personnel to Elgin, Ill, for 
resumption of production in the near 
future. The move was dictated chiefly 
by the need to relocate American in a 
centralized location. Another factor was 
the need for a closer liaison with 
Elgin’s central research and develop- 
ment laboratories. 





The Baldor Electric Co., St. Louis, has 
built a new manufacturing plant at Fort 
Smith, Arkansas. The company’s line of 
motors, ranging from % through 5 hp 
will be manufactured at the Fort Smith 


| plant, which contains approximately 
10,000 sq ft. 












NRC Equipment Corp. is the new name 
of the Equipment Division, National Re- 
search Corp. The change has been de- 
scribed by the president of the parent 
company and consistent with the com- 
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Now available from Howard Industries, Inc. is an 
exclusive Miniaturized Induction motor with all the 
features of an ultra modern power motor for use in 
tape recorders, communication equipment, office 
machines, turn table, movie projectors, air craft, 


instruments, electronic devices and many more 
MINIATURIZED 3200... 
Special design of magnetic and electrical circuits 


(24/20 slots), sinusoidally distributed windings, : 
internal rotor slotting combined with unique mechanical 


H Ow A 2 D M Oo D E L oo) 200 features result in exceptionally quiet operation, low 
level magnetic hum, reduced external magnetic field, 
low temperature rise, minimum cogging and hunting. 
Howard’s Model 9200 has been rated by experienced 


i N D U C T / O | engineers as the finest small induction motor on the 
market. 


Performance ratings of these motors are outstanding, 
comparable to those of considerably larger frame sizes. 


M O T O ge For complete details, engineering drawings and 
samples, write, wire or phone HOWARD today. 

















unusual power in a small frame size 










HOWARD MODEL 9200 Permanent Split Capacitor, Single Phase, 
50/60 Cycle Induction, Torque, Synchronous Type—Also available 
in two or three phase designs. 


CONSTRUCTION SPECIFICATIONS: 


General: Open, self ventilated, versatile mount construction. Laminations are 
stamped from high grade silicon electrical steel. The stator core is housed inside 
a rigid framework consisting of the two aluminum die cast end brackets tele- 
scoped into each other with both rabbets precision machined from bearing bores. 

This type of construction eliminates the danger of bending out of shape of the 
stator structure which is possible in a conventional skeleton type motor. 
















Bearings: Motors can be supplied with porous bronze sleeve bearings of self 
aligning or rigid type. An adjustable thrust and end play device is provided with 
each motor for horizontal, vertical, or thrust loading. With sleeve bearings, large 
felt oil reservoirs are provided. At request, motors can be supplied with perma- 
nently lubricated sealed or shielded ball bearings. 














Mountings: Motor frame is designed to permit 6 types of mountings: 
Rigid pad or base Flange mounting 
Recessed pad Extended nut or thru bolt 
PERFORMANCE COMPARISON TO CONVENTIONAL Resilient ring (small and large size) Face mounting 
MOTOR OF THE SAME OUTPUT RATING Frame Size: 2% x 2% with overall length of 4442 for 9210 frame and 4134 







- for 9214 frame. 
reluctance synchronous single phase 
permanent capacitor type Ratings Single phase, 115, 50/60 cycle, permanent split capacitor, continuous 
duty, 40° C. rise and 2 & 3 phase 230 volts, 50 to 60 cycles. 













Induction Type: (RWH 9210 & 9214) 2, 4, 6, & 8 Poles 
HP Range: 1/300 to 1/30 Hp 

Volt Torque Motors (RWC 9210 & 0214) 4 & 6 Pole 
eee Torque Range: 5 to 12 Inch-Ounce of Stalled 
Capacitor ; ' Torque Cogging of 6 pole motor + or —2% 
ies - . - in. : - in, Reluctance (SWC 9210 & 9214) 2 & 4 Pole 
Line Watt (input) Synchronous: — HP Range 1/250 to 1/50 HP 
Power Factor Hvsteresi (HWC 9210 & 9214) 2, 4, 6, & 8 Pole 






Totnes tine Synchronous: HP Range: 1/250 to 1/75 HP 







cata HOWARD MOTORS: Universal & D.C.—1/200 to 1/2 HP, Shaded 


Pull-out Torque : 12 oz. in. Pole—1/2000 to 1/8 HP, Induction—1/1400 to 1/4 HP, 
Servo Motors - Gear Motors - Blowers 




















Buy 
HOWARD INDUSTRIES, INC. 1720 State St., Racine, Wisconsin/Teletype: RAC 344 Defense 


Sales Offices: - 208 S. La Salle St., Chicago 4 - 942 S. La Brea Ave., Los Angeles 36 - 
Room 4822, Empire State Bidg., New York 1 


DIVISIONS: Eno ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 
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$12.35 


PER THOUSAND 
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PER THOUSAND 
over machine method 
cost 


COLD-HEADING 


SAVES YOU MONEY ON JOB-DESIGNED 
SMALL PARTS AND FASTENERS 


Cold-Heading is the most versatile, most economical method 
for producing your fasteners and small parts. These case 
histories are typical of thousands of money saving jobs 
we've done for our customers. May we quote on your re- 
quirements? Write today for the Hassall Catalog. 


John Hassall, Inc.,P.O.Box 2225, Westbury,Long Island,N.Y. 


NAILS, RIVETS, SCREWS 
AND OTHER COLD-HEADED F 
FASTENERS AND SPECIALTIES Hassall 
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pany’s policy to decentralize the man- 
agement of its operating subsidiaries. 
The Newton Highlands, Mass., corpo- 
ration manufactures high vacuum proc- 
ess equipment and specialized com- 
ponents. 


Rea Magnet Wire Co., Inc., Fort 
Wayne, Ind., plans to establish an East- 
ern sales office and warehouse. The 
company recently appointed a new 
Eastern District Manager, Paul E. 
Stouffer, who has been identified with 
magnet wire and electrical equipment 
for more than 33 years. 


A printed circuit and packaging serv- 
ice, complete from design to manufac- 
ture, is now being offered by the Federal 
Telephone and Radio Co., Clifton, N. J. 
The service available through Federal’s 
Printed Circuit Laboratory offers the 
latest techniques for solving complex 
problems involving printed circuits and 
their applications. 


In activating its newly completed 
polyvinyl chloride resin plant at Leo- 
minster, Mass., the Borden Company’s 
Chemical Div. also announced plans to 
build a new laboratory-office building 
and to begin manufacture of a full line 
of iis Resinite plastics product. Poly- 
vinyl chloride resins are used in such 
applications as electrical wire covering, 
calendered sheeting, and a range of 
other products. 


Magnetic Amplifiers, Inc., New York, 
has formed a new West Coast division 
located at 136 Washington St., El 
Segundo, Calif. The West Coast facility 
will engineer and produce magnetic 
and transistor servo amplifiers, d-c 
power supplies, voltage regulators and 
airborne servo systems. 


Royal Electric Corp., Pawtucket, R. I., 
a newly acquired subsidiary of Interna- 
tional Telephone and Telegraph Corp., 
has signed a contract for the construc- 
tion of an additional 90,000 sq ft of 
space to its existing plant. 


The American Hard Rubber Co. has 
purchased the entire capital stock of 
Electric Manufacturing Co., Inc. of San 
Francisco. Electric has developed and 
is a major producer of multi-color 
plastics moldings for industry. 


Two new weapon system organiza- 
tions have been established by Lock- 
heed Missile Systems Division, Van Nuys, 
Calif. The new weapon system groups 
will be responsible for developing and 
interpreting the Division’s obligations 
under specific contracts as assigned. 
They will develop the overall project 
plans and coordinate all activities and 
services provided by the Division in the 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


Shap Talk 


‘heen FIiGee ¢€. 





Plants in Norristown, Pa. and La Verne, Calif. 


PHENOL IC— MELAMINE—SILICONE—EPOX Y LAMINATES * COMBINATION LAMINATES * COPPER-CLAD LAMINATES * VULCANIZED FIBRE 


Tips for designers 





House trailer interior walls are made of 
plywood faced with Taylor vulcanized fibre, 
chosen for its combination of light weight and 
high strength. 


© & 


Highway signs use Taylor Grade XX phenolic 
tubing and washers that are long-wearing and 
do not rust. 





Self-balancing servo motor has stator case 
insulator which is cold-punched from V4” thick 
Taylor Paper Base Phenolic Laminate sheet. 





Base plate for high-voltage TV component, 
punched from Taylor canvas melamine laminate, 
has high dielectric strength and arc resistance. 


NEW TAYLOR 
COPPER-CLAD LAMINATES 


Taylor GEC (glass epoxy) 
Copper-Clad and Taylor XX XP- 
242 cold punching (paper- 
phenolic) Copper-Clad. Taylor 


uses high purity rolled copper 


on base materials with out- 


standing electrical properties. 





a 


SJ 





A selenium “pencil” rectifier made by Union Switch & Signal for an electronic 
air cleaner, by Electro-Air Cleaner Co., uses an outer tube of Taylor Grade 


G-5 laminated plastic. The material has excellent arc-resistance, mechanical 


Properties and low moisture absorption. 


Taylor Melamine Laminate solves 
material selection problems 


The pencil-thin outer case of this 
selenium rectifier presented sev- 
eral unique problems. It required 
a new concept of high arc-resist- 
ance, plus mechanical strength 
and low water absorption. Taylor 
Grade G-5 (glass-melamine) lam- 
inate solved these problems. . . 
embodied both the electrical and 
mechanical properties required 
for the outer tube. The broad 
selection of Taylor laminates in- 
cludes a wide variety of different 
bases and different grades, each 
with certain combinations of elec- 
trical and physical properties to 
answer your materials selection 
problems. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


In any application, Taylor lam- 
inates bring you important sav- 
ings in fabrication. Whether you 
need tubes, rods, sheets or fabri- 
cated parts, Taylor laminates 
come in sheets 49” by 49”... 
tubes with inside diameters as 
small as 3” up to 36”, lengths to 
49” and a variety of wall thick- 
nesses . . . rods in a wide range of 
sizes. Or, Taylor can fabricate 
your part to your specifications 
...on time and at a saving. 


To help you choose and use the 
right laminate, Taylor’s engineer- 
ing staff and fabricating facilities 
are at your service. Contact your 
nearest Taylor sales engineer. 
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A TYPICAL 
EXAMPLE 


Series 7010 
Elapsed 
Time 
Indicator 





THE RIGHT MOTOR... . unusually compact, 


fully enclosed mechanism, controlled lubrication, 


simple, accurate and dependable, operates in any 
position. 


THE RIGHT DESIGN .. . for any application 
because you can select from the full line of 
HAYDON STANDARD interval timers, time de- 
lay relays, cycle timers,and elapsed time indicators. 


THE RIGHT FACILITIES ... because HAYDON 
has the fully integrated engineering and manufac- 
turing facilities to produce and deliver quality on 
time . . . economically . . . in large or small lots. 


THE RIGHT SALES SERVICE .. . because 
the HAYDON Field Engineer in your area is a 
Timing Specialist fully qualified to counsel you. 
He’s listed in your Yellow Pages. Have him come 
in to discuss your requirements . . . or, if you prefer, 

write to us direct. 


*Trademark Reg. U.S. Patent Office 
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AT TORRINGTON 


A Subsidiary of General Time Corp. 






HEADQUARTERS FOR 


HAYDON Manufacturing Company, Inc. 
TIMING aT eauiieen e 


2527 ELM STREET, TORRINGTON, CONN. 
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| sions, with the 


execution of these projects. The new 
organizations will be located at Lock- 
heed’s new facilities in Palo Alto and 
Sunnyvale, Calif. 


Recently organized in Stanford, Conn., 
The Creative Electronics Corp. will en- 
gage in manufacturing custom-built 
tube aging test equipment, multi-power 
supplies, and communications equip- 


| ments. 


Due to increased demand for its 
products—including special cathode-ray 
tubes, multiplier phototubes, display 
and pickup devices and other products 
—the Tube Research Division of Allen 
B. Du Mont Laboratories, Inc., has taken 
over almost all of the plant space in the 
company’s Passaic buildings, as well as 
closely adjacent buildings in Clifton. 
The Circuit Research Division, pre- 
viously sharing plant space in the 
Passaic building, has relocated its 
facilities in the company’s East Pater- 
son, N. J. plant. 


Through an organizational change, 
two wholly owned subsidiaries of Texas 
Instruments, Inc. become operating divi- 
Houston Technical 
Laboratories becoming the Industrial 
Instrumentation division and the William 
I. Mann Co. changing its name to the 
Optics Division. The Industrial Instru- 
mentation division will remain in its 
new plant in Houston while the Optics 
division will remain in Monrovia, Calif. 
Purpose of the change was to simplify 
the TI corporate structure and to in- 
crease efficiency. 


Robertshaw-Fulton Controls Co. has 
reached an agreement with Acro Manu- 
facturing Co., Columbus, Ohio, by which 
it will acquire all the assets and busi- 
ness of Acro, manufacturer of electric 
switches and house heating controls. 
Present plans are to operate Acro as a 
division of Robertshaw-Fulton, with 
operations continuing with present 
management and staff. 


Baldwin-Lima-Hamilton Corp. has com- 
pleted transfer of the manufacturing and 
sales operations of its hydraulic and 
compacting press department from 
Eddystone Div. to Hamilton Div., 
Hamilton, Ohio. The operations have 
been integrated with those of the 
mechanical press department which 
has always been in Hamilton. 


Robertshaw-Fulton Controls Co. has 
acquired The Beta Corp., Richmond, Va., 
manufacturer of specialized vibration 
monitoring equipment. The newly ac- 
quired firm will be moved to Philadel- 
phia and its operations consolidated 
with the Fielden Instrument Div., a 
unit of Robertshaw-Fulton. Beta is a 
pieneer in the development of a variety 
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The only Belt Drive that 
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THE ORIGINAL 


“TIMING” BELT 


Power Transmission Drive 


Just look at all the money-saving advantages that stem 
directly from this unique “Timing™® Belt feature: 


There is no belt slippage or creep, therefore: 

e Constant angular velocity is transmitted; 

e Precision timing is maintained between shafts; 
e Practically 100% efficiency is obtained; 

e Belt and pulleys last much longer. 


No initial belt tension is required, therefore: 

e Belt’s rated horsepower is all working horsepower; 
e Bearing loads are minimized, and wear reduced; 

e Take-up adjustments are eliminated. 


Less belt-pulley contact area is needed, therefore: 
e Drives can be more compact, take less space; 

e Smaller-diameter pulleys can be used; 

e Higher drive ratios are practical. 





nn Additionally, the “Timing” Belt drive needs no lubrication. 
\ Rating for rating, its cost is usually the lowest...especially 
! when you can take advantage of stock drives. 


A factory-trained Power Transmission Field Engineer will 
gladly help you adapt the “Timing” Belt’s many unique 
advantages to your product’s drives—from “fleapower” to 
over 1,000 horsepower! 





pj ——t—sSsSsSsSCSCSCSC*YSCAMmerriica’s Oldest Manufacturer of Industrial Rubber Products 
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DURAKOOL 
Tilt Switches 


are the Life of your 
Automatic Controls 








Tilted Down 


—On 


This steel-clad Durakool 
mercury tilt switch has 
unique construction fea- 
tures that deliver years 
of trouble-free perform- 
ance on the most difficult 


° assignments you can find. 
MILLIONS OF CYCLES Operating under sealed- 
WITHOUT FALTERING in, pressurized hydrogen 
° gas, it takes 24 hours, fast 


cycling schedules in stride. 
See telephone directory for local distributor, or write. oa 1 to 65 amperes 


DURAKOOL, INC. Send for Bulletin 525. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


ee ass 


‘Durakool 2", 





BOBBINS 


@ Strength in thin sections virtually 
eliminates breakage of coil forms 
during coil winding operation. 
High Dielectric Strength 
Resistance to heat and deformation 
Toughness 

Light Weight 

Lasting Resilience 

Easier Handling 


. These properties in Cosmo Nylon 
Bobbins will end your search for a 
new way to simplify design and 
reduce your coil production costs. 
The new and modern pliant is equipped 
with manufacturing facilities and 
engineering know-how to accurately 
produce nylon bobbins that will meet 
your most exacting requirements. 


Send in your specs or write for data 
brochure and samples. 


SALES DIVISION OFFICES 


St. Lowis, Missouri + Chicago, Iilineis * Detroit, Michigan + Guilford, Connecticut 






3239 WEST 14 STREET + TOwer 1-5597 * CLEVELAND 9, OHIO 


328 


aD ~ ie aay 








MARCH 1957 ELECTRICAL MANUFACTURING 


of sensitive-vibration monitors, capable 
of detecting faulty operation in motors, 
fans, automatic tools, and other rotat- 
ing and reciprocating machines. 


Opening of a new plant at 2500 W. 
Bradley Pl., Chicago, has been an- 
nounced by the Bodine Electric Co., 2254 
W. Ohio St. in that city. The new build- 
ing, which has a floor space of 148,000 
sq ft, will permit the consolidation of 
all company manufacturing operations 
under one roof. Construction of a two- 
floor office building to be located directly 
front-center of the factory is to be 
started in the near future. Meanwhile, 
Bodine will utilize the former factory 
space at its former Chicago plant to 
expand its present Ohio St. offices. 


General Electric Co. has announced in 
Syracuse, N. Y., that it will convert its 
175,000 sq ft Buffalo, N. Y., TV picture 
tube plant to the manufacture of tran- 
sistors early in 1957. The company now 
produces transistors at Electronics Park 
in Syracuse. While GE’s transistor 
production will be expanded by means 
of the Buffalo plant, the company’s 
production of TV picture tubes will be 
consolidated and ultimately expanded 
in the Cathode-Ray Tube Department’s 
facility at Electronics Park. 


More than doubling the size and out- 
put of the installation it replaces, a $2- 
million manufacturing plant in Milford, 
Conn., has been formally opened by the 
Bridgeport Thermostat Div. of Robertshaw- 
Fulton Controls Co. Complex precision 
instruments and compounds for use in 
industry and jet aircraft are also being 
produced in the 180,000 sq ft manu- 
facturing facility. In addition, metallic 
bellows and instruments employing 
bellows, as well as temperature controls 
for home appliances and other products 
are also being made. 


Kaiser Aluminum & Chemical Corp. 
has purchased the wire and cable busi- 
ness of the United States Rubber Co. 
The purchase by the Oakland, Calif., 
Kaiser operation includes U. S. Rub- 
ber’s insulated wire and cable plant at 
Bristol, R. I., and its wire and cable 
inventories. 


Availability of a new $40,000 facility 
for testing and evaluating room air 
conditioners has been announced by 
Electrical Testing Laboratories, Inc., N. Y. 
The new facility makes available an 
independent authoritative determina- 
tion of product ratings according to 
current standards. It accommodates 
units rated up to 20,000 BTU. The new 
test facility, of the balanced-ambient 
calorimeter type, is designed to provide 
test data on the operation, capacity and 
performance of room air conditioners 
in accordance with Standard 110-56 of 
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WAGNER ELECTRIC MOTORS. THE CHOICE OF LEADS) (*NDUSTRY 


smaller, highter 


fractional 


horsepower 


pa a hy 


r solves 


"© problems for 


the design 


engineer 


= = | ee me OF Se ae 
the WAGNER “48” 


Here’s the 48 frame motor you’ve been looking for! 
The Wagner “48” capacitor-start motor with either 
resilient or welded rigid base. You get the standard 
48 frame size, with from three to eight pounds less 





operate efficiently when mounted at any angle. 
Through ventilation assures cool operation that adds 
to motor life. 


weight per motor than previous models of the same If you would like to test the Wagner “48”, one of our 
hp ratings! field engineers will be glad to furnish a sample motor. 
The Wagner “48” is rugged enough to permit direct Contact the Wagner Branch near you or write to 


mounting, compact enough to fit in tight spots, will the factory. 





ALL ANGLE OPERATION. You can mount the EASY TO CONNECT. Just loosen one screw for ALSO AVAILABLE IN SPLIT-PHASE TYPE. The 
Wagner *48"' at any angle. A new lubrication access to terminal board. EASY TO SERVICE Wagner ‘'48" is also furnished in split-phase 
system assures positive protective lubrication . .. no need to disconnect leads when removing type, with resilient or rigid base in ratings of 
in any position. endplates. Vg, Ye and Ys hp. 








BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wagner Electric @rporation 


6454 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


ELECTRIC MOTORS e TRANSFORMERS « INDUSTRIAL BRAKES « AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 
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the Air Conditioning and Refrigeration 
f | Institute and the test procedures of 
Standard No. 16-56 of the American 
Society of Refrigeration Engineers. 


The four East Pittsburgh Divisions 
of Westinghouse Electric Corp. have been 
converted into 10 basic product depart- 
ments. The East Pittsburgh plant will 
be called the East Pittsburgh Division. 
Previously it consisted of four operat- 
ing divisions: the transportation and 
generator division (now the power 
| apparatus group); the switchgear divi- 
sion (now the switchgear apparatus 
group); the printing and publication 
| division; and the feeder and service 
division. The feeder portion of this 
division becomes a component products 
department and the service portion be- 
comes a plant services department. 


Thomas and Skinner, Inc., Indian- 
apolis, Ind., manufacturer of permanent 
| magnets, laminations and wound cores 
is now distributing Armco thin elec- 
trical steels. These silicon iron mag- 
netic tapes come in convenient stock 
widths and package sizes, and in thick- 
nesses of 1, 2. 4,5 and 7 mils. Magnetic 
tapes will also be slit to customer 
specifications. 





Daco Instrument Co., Brooklyn 1. 
N. Y., is the new name of Daco Machine 
and Tool Co. The company’s executive 
offices are in Brooklyn and its plants 


in Brooklyn and Newark, N. J. The 





Rub—rap—tap—scrape—this smooth- new name indicates the scope of the 

company’s activities, which, during the 

surfaced shuffleboard disk is made to past ten years, have been concentrated 

in the design, prototype-making, tooling, 

take the daily “grind” with a sturdy manufacturing and assembly of electro- 

mechanical instrumentation. Products 

never-mind. Plenco-developed phenolic include servo systems, aerial cameras 

———_— and electrical and mechanical timing 
molding compounds build a protective, mechanisms. 

extra hardness into the surface areas of Airborne Accessories Corp. Hillside. 

N. J., has opened branch office at 

your product or part. More than skin- 840214 Lincoln Blvd., Los Angeles 45. 


The company is a leading manufacturer 
deep, this special density extends in of linear and rotary actuators, electro- 
eo ee | mechanical systems, standardized right- 
angle bevel-gear units, and miniaturized 
radio-frequency filters and _ starting 
capacitors, among other products. 


depth, toughening the molding through- 


out. For hardness . . . tor ease of fabrica- 


tion. . . for economy of manufacture... 


Erie Resistor Corp. has built a 
new ceramic plant at State College, Pa. 
The new facility will produce quality 
technical ceramic parts for electrical 
applications. 


count on Plenco. 





Increasing demand for its trans- 
formers and regulated power supply 


units for electronic c ters has 

PLASTICS ENGINEERING COMPANY | prompicd Acme Electric Cop. Cuke 
Sheboygan, Wisconsin N. Y., to expand its Allegany, N. Y.., 

Serving the plastics industry in the manufacture of high grade phenolic molding compounds, plant. A new building will be erected 


industrial resins and coating resins. adjacent to the present facility at Alle- 
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| gany, providing an additional 23,500 sq 


ee aa oe ee | 


ees ee = Oe eee lees 





time-saving, neat-appearing 


Hi 2 Molded of thermoplastics, Plasti-Rivets fasten from one side 
zee with a single blow. The prongs expand when the integrally 
molded pin is driven, providing a positive, vibration resistant 
here. lock. Blind assembly is simplified, products improved and time 
_ saved while costs are reduced. Plasti-Rivets can withstand a 
ms direct shear of up to 500 pounds. Available in a choice of 
eg iS decorator colors and shapes, Plasti-Rivets will never mar or 
scratch your product's surface. For a firm, positive fastening, 
specify easy-to-use Fastex Plasti-Rivets. 





wl 





By ewe < 


Write for your free somple packet and 
informative brochure listing 25 standard 
Plasti-Rivets. See how simple 

and economical blind fastening can be. 





ire: 
non-conductive fastening of electrical products, name plate attachments, 
appliance shelf fastening, rustproof fiberglass awning fastening, and color- 
matched fastenings for practically any product. 


a 195 Algonquin Road ¢ Des Plaines, Illinois 


In Canada 2g 
SHAKEPROOF-FASTEX 
Division of Canada 

ilinois Tools, Ltd 


Toronto, Ontario 


Fastex Piasti-Rivets Create Assembiy Savings 








ere 








ea Ta I RUBS 


YUMA at alas 








HERE ARE THE FACTS 


Di-Formed Tubes feature a special patented Precision Paper Tube 
construction which produces a completely ridgeless surface, thus 
eliminating wire pile up and resultant coil shorts. 

Side walls are straightened under pressure during the winding 
operation. The bow being thus controlled permits a perfect fit 
between mandril and tube as provided by Precision’s low-cost 
Related Mandril Service. 

Under the Related Mandril Service, Precision supplies the coil 
manufacturer with accurately ground steel or aluminum mandrils 
at a price comparable to commonly used unsatisfactory wood or 
undersized steel mandrils. This is not a profit-making service. Its 
sole purpose is to give the coil manufacturer these advantages: 


1. Provide proper tube support. 

2. Facilitate stacking operations. 

3. Prevent coil collapse. 

4. Save machine and operator fatigue. 


5. Permit a smaller core, thus decreasing coil size 
and eliminating pressing. 


Get full details on Precision Di-Formed Tubes and Related 
Mandril Service. Write, wire or phone today. 


Representatives in: 
California, Oregon, Washington: Covina, California, Edgewood 2-4693 
Mlinois, Indiana, lowa, Wisconsin, Minnesota: Chicago, III., ARmitage 6-5200 
Indiana, Ohio: Logansport, Indiana, Logansport 2555 
Missouri and Southern Illinois: St. Louis, Mo., VOlunteer 3-2797 
Northern Ohio: Cleveland, Ohio, Atlantic 1-1060 
New England: Framingham, Massachusetts, Trinity 3-7091 
New Jersey, Delaware, Washington, D.C., Maryland, 
Eastern Pennsylvania, Virginia, Metropolitan New York: 
Jersey City, New Jersey, Swathmore 5-2480 
Upper New York: Rochester, New York, BRowning 1-6322 
CANADA: Montreal, Quebec, Canada, Walnut 0337 
MEXICO: Mexico 6, D.F., Telephone 35-06-18 


PRECISION PAPER TUBE COMPANY 
2035 West Charleston Street, Chicago 47, Illinois 


Plant No. 2: 1 Flower Street, Hartford, Conn 
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gany, providing an additional 23,500 sq 
ft of working space plus receiving and 
shipping facilities. Cost of the new 
building is estimated at $175,000. 


Corporate name of Hedin Tele-Tech- 
nical Corp. has been changed to General 
Automatic Corp., as a result of the 
company’s program of expansion in the 
field of relays and controls for in- 
dustrial and military equipment. Re- 
cently the company moved its factory 
from Livingston to Mountain View, N. J. 


Minneapolis-Honeywell Regulator Co. 
has announced that the operations of its 
Doelcam Division and its Transistor Divi- 
sion will be combined to form the new 
Boston Division. The new Division will 
be composed of two sections: Semi- 
conductor Products Section and Instru- 
ments Section. Engineering, sales and 
executive offices for the Instrument 
Section will remain at the Charles 
River Plant, 1400 Soldiers Field Rd., 
Boston. Manufacturing operations for 
the Instrument Section, together with 
all operations for the Semiconductor 
Products Section, will be located at 
the recently modernized 250,000 sq ft 
building at 40 Life St., Brighton, Mass. 


Formation of a jointly owned cor- 
poration, Gulton-Speidel, Inc., has been 
announced by the Industrial Division of 
the Speidel Corp. and Gulton Industries, 
Inc. Aimed at combining, the research, 
development and manufacturing facil- 
ities of both organizations, the new firm 
will market a series of new electronic 
products. Chairman of the Board of 
the new corporation is Dr. Leslie K. 
Gulton, president of Gulton Industries, 
Inc. Paul Levinger, executive vice presi- 
dent of Speidel Corp., will serve as 
president. 


Merger has been completed by Bart- 
Messing and Sel-Rex Corporations, both 
of Newark, N. J., effective Jan 1. The 
older of the two companies, Bart-Mess- 
ing has been a leading manufacturer of 
power rectifiers, filters and other equip- 
ment for nearly fifteen years. The Sel- 
Rex Corp. has been prominent in the 
precious metals manufacturing field 
since its inception as Sel-Rex Precious 
Metals, Inc., five years ago. Activities 
of each of the companies individually 
will henceforth be carried on by sep- 
arate divisions of the new Sel-Rex Corp. 


The Armed Services Electro-Standards 
Agency, after being located for ten 
years at Tinton Ave., Eatontown loca- 
tion, has been relocated in the Watson 
Area (Building 2525) of Fort Mon- 
mouth. Mailing address of the agency 
remains unchanged. Building 2525 
(Watson Area) is approximately one- 
quarter-mile South of Tinton Ave. just 
off Hope Rd. adjacent to and east of 
the Hexagon. 
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For your Magnetic Shielding Problems... 


MUMETAL is the answer! 





Write for your copy 
‘““MAGNETIC MATERIALS” 


This 32-page book contains val- 
uable data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus- 
trated in full color, includes essen- 
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request. 


ADDRESS DEPT. EM-87 


Mumetal shields will give instant 
relief to interference caused by 
extraneous magnetic fields. This 
material can cure many troubles— 
solve many a problem for you. 

Use it where high permeability is 
required at low flux densities, such 
as in input and microphone trans- 
formers, hearing aid diaphragms, 
instruments, wire and tape record- 
ers, etc. For properly heat treating 
Mumetal, we can also offer commer- 
cial hydrogen annealing facilities. 

A fund of technical data on shields 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 


Warehouse stocks of AL Stainless Steels carried by all Ryerson plants 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


and other applications for Alle- 
gheny Ludlum Mumetal is available 
—let us help with your problems. 

In addition to Mumetal and other 
high-permeability alloys, we offer a 
range of magnetic and electrical 
alloys and steels that is unmatched 
in its completeness. Our services 
also include the most modern facili- 
ties for lamination fabrication and 
heat treatment. @ Let us supply your 
requirements. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 





wsw 6004 
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Flexibility 
| for ! 
| Designers | 





Adjust A Vout 
SOOBU 


VARIABLE AUTO-TRANSFORMER 


2-GANG SO0BU 
{Alse available in 3-gang) 





Designed for back-of-panel mounting, 
the versatile SOOBU Adjust-A-Volt 
variable auto-transformer offers the 
dependability and flexibility you have 
been looking for. 

Shaft can be adjusted without dis- 
turbing rotor and commutator align- 
ment. Terminal board connections 
allow for either clockwise or counter- 
clockwise rotation, as well as over- 
voltage or line-voltage operation. 

Ganged units are available to pro- 
vide increased current output, increased 
voltages, or for polyphase operation. 

Specifications of the S0OBU type— 
input voltage, 115 V; load rating, 1.0 
KVA; output—0 to 135 V; output amps 
max. 7.5 A; driving torque in oz., 20- 
40. For more data, send for the catalog 
on the complete Adjust-A-Volt line. 


STANDARD 


SESS Re Uae ot) eae aie 


2240 E. THIRD ST., DAYTON, OHIO 
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Abstract and Comment 





Bell System President Calls For 
Three-Dimensional Engineers 


FREDERICK R. KAPPEL, President 
American Telephone & Telegraph Co. 


IN THIS DYNAMIC and expanding world 
the competent engineer has to lead a 
dynamic and expanding life. There is 
simply no room left for any routine 
approaches to engineering, nor for 
standing still with the mental equip- 
ment we've got. The engineer has to 
grow and change with the times, and 
constantly equip himself to handle new 
problems. He has to nourish his mind 
and broaden his outlook to make sure 
that neither gets obsolete. And at all 
times, he has to look ahead. 

Obviously we need the most in crea- 
tive imagination, ability to take on 
new assignments, and selective judg- 
ment. The growing tendency in the 
schoo!s to concentrate on fudamentals 
is very helpful to this, because the first 
need is to develop the basic mental 
equipment. There remains to industry 
the great responsibility to provide not 
only first-rate technical training but 
also to make sure the able engineer 
never gets locked in his technical closet. 

To be sure, he always remains an 
engineer, with a sound grasp of en- 
gineering fundamentals, but as _ he 
applies ever-changing arts, he is also 
thoughtful of their effects. He gains 
and uses knowledge of marketing and 
finance. He interprets between designer 
and salesman. He perceives and under- 
stands the general wants and particular 
problems of other people, whether he 
holds a supervisory position or not. 

For such engineers the rewards will 
be ample in money as well as in the 
of accomplishment. And, for 
people of ability who have a real pro- 
prietary interest in the business they're 
engaged in and want to make their 
interest effective in action, industry 
must certainly provide full opportunity 
for education and growth. 

We need engineers of ability and 
imagination like grass needs rain. We 
won't obtain them by just labeling 
people as engineers. We won’t obtain 
them by putting engineers into com- 
partments and shutting them off from 
the rest of the ship, nor by cramming 
size 42 men into size 36 jobs, or vice 
versa. 

We will obtain imaginative engineers 


sense 


through intelligent and concerted effort 
to develop what I call three-dimensional 
engineers. The first dimension is what 
you got in college. The second dimen- 
sion is in continued training and self- 
study that broadens a man and keeps 
him up-to-date with technological 
changes so he can solve problems in 
broad areas and new areas of engineer- 
ing. 

The third dimension is the height 
that comes from the mixing and min- 
gling of engineering and management 
ideas, so that the engineer’s under- 
standing of the problems and require- 
ments of the business makes him more 
effective in the business. This under- 
standing comes not only from study but 
from shoulder-to-shoulder association 
and contact and interaction between 
engineering, operating, financial and 
merchandising people. We need this 
third dimension among engineers every- 
where—so they will have a volume ef- 
fect on the business. If engineering is to 
be solid, it’s got to have this volume. 

Industry can contribute much, espe- 
cially to the second and third dimen- 
sions. Right now in our business, be- 
cause of the effort we’re making in these 
directions, we’re getting a wonderful 
amount of fine engineering work done 
that otherwise could never have been 
done so soon or so well. More than 
that, with a wider appreciation by 
management of the engineer’s contri- 
bution. we’re getting a better team and 
a better overall job and as a result, our 
engineers are profiting in prestige. 
promotion, and salary rewards. 

As the need for technology increases 
further, it seems inevitable that the 
need for engineers in management will 
likewise continue to increase. What 
this means is simply that engineers 
must grow, and of course they them- 
selves must do the growing. No one else 
can do it for them. Training and educa- 
tion are essential, but what they add up 
to in the end is only the soil to grow in. 

The challenge to engineers today is 
that they should deliberately work to 
fill out all the height, all the depth. 
and all the breadth they can reach. 
Along with this, industry is equally 
challenged to give able engineers full 
opportunity to live and work and think 
and create in all three dimensions. For 
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Single Lead Terminals — Avail- 
able in standard or custom 
designs. 















Rugged E-I Compression Seals 
are the industry’s standard for superior 
performance in commercial and military 
service. Practically indestructible, they pro- 


vide the maximum immunity to shock, Keyed to 

vibration and temperature changes. 

Available in miniature or sub-miniature your electronic 
types, these super-dependable hermetic seals futu Fe .se 


are supplied in economical standard types 
to meet practically any sealing 
requirement. 


For complete information on 
the E-I line or recommendations 
on particular requirements, call or write: 


ELECTRICAL 
INDUSTRIES 


44 SUMMER AVENUE, NEWARK 4, N. J. 


*Patents Pending—all rights reserve 













Plug-in Connectors—for vibra- 
tor, chopper, lock-in and 
noval sockets. 


Transistor Closures — Stand- 
ard sealed bases, cans and 
diode closures available. 


Multiple Headers—for eve 
hermetic sealing requirement? 





GOSHEN 


SPECIFICATION 


eT 


If it takes special compounding of 


DEVELOPMENTS 


GORSIL 
Silicone rubbers hav 
ing same shrinkage 


@s organic rubbers 


natural, synthetic or silicone rub- for —80°F to +.500°F 
bers to develop the right combina- ae sere 


tion of properties required by your 
part, depend on Goshen Rubber. 
Here you benefit from extensive 





gladly review and quote on your 
requirements, in confidence and 
without obligation. 


Ask for your free copy of 8-page brochure 
. tells how Goshen Rubber can help you. 


GOSHEN RUBBER CO., INC., 





ELECTRICAL 
ENGINEER 


TO PERFORM 
ELECTRICAL DESIGN 
FOR URANIUM FUEL 
FABRICATING PLANT 


at 

HANFORD ATOMIC 
PRODUCTS OPERATION 

New Fuels Preparation Department 
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2837 S$. Tenth St., Goshen, Ind. 


AN, MS, SAE, JIC 
ond NAS dimension 
and tolerances with 


standard tooling 


GORSYN 


knowledge gained in fabricating ricer eg ie gies 
parts and compounding materials thstanding te 

to meet MIL, AMS, SAE, ASTM and 0: 30°F, 
industrial specifications. We'll 


nd 
20°F + 400°F 


GORLUBE 
Low-friction t 


for O-rings and parts 


made of natural, syn 


reatment 


thetic and silicone 


rubbers 


GORBOND 
Process for securely 
bonding rubber parts 
to metals of most 
every kind 


See our catalog in 





Sweet's Product Design File 


HE engineer selected must be will- 
ing and able to perform and accept 
responsibility for all electrical design 
for a small group working in design 
and engineering management of new 


uranium fuel element fabricating 
plants. He will work on uranium fuel 
elements and accessory instruments, 
and electrical components. 

Excellent potential for professional 
growth is inherent in this position, re- 
sulting from continued far-reaching 
developments in atomic research at 
Hanford. 


Requirements: B.S. or M.S. in electri- 

cal engineering, plus five to ten years’ 

experience in: 

e@ Electrical equipment design, including 
furnace controls 

e Automatic machine tools 

e@ Welding and testing components 

e@ Electrical distribution systems 


Engineers with these qualifications are 
invited to write complete details of 
their background, in complete confi- 
dence, to Mr. E. P. Galbraith, Manager, 
Technical Personnel Placement, 


Dept. FPD 
Hanford Atomic Products Operation 


GENERAL @@ ELECTRIC 


Richland, Washington 





ee 





this is the kind of engineering influence 
and leadership we need. I have great 
faith we shall get it, to the further ad- 
vantage of our country and the world. 





OOO 
Abstracted from a talk given at Winter General 
Meeting of the American Institute of Electrical En 


gineers, January 1957, in New York 


Management Says Engineers 
Need Commercial Viewpoint 


Ir IS VITAL IN TODAY’S competitive busi- 
ness to develop the commercial view- 
point in design engineers so they will 
be in a position to produce a “most 
saleable product”, G. C. Larson, as- 
sistant manager, television- 
radio division, Westinghouse Electric 
Corp., told members of the American 
Management Association at a _ recent 
New York meeting. 

Discussing the topic “Developing The 
Technical Man’s Commercial View- 
point”, Mr. Larson pointed out that 
in today’s consumer-goods market, 
perhaps the most important goal is to 
strive to merchandise the most saleable 
product. 

“It is not sufficient to have a_ well 
engineered product,” he said. “The 
ideal is a happy combination of the 
ingredients making up the formula 
for the ‘most saleable product’.” 

Mr. Larson defined the essentials 
necessary to produce a “most saleable 
product.” The product must have high 
consumer acceptance in face of com- 
petition. This involves superior styling; 
good performance; tangible, saleable, 
plus competitive features; and com- 
petitive in price. Also, the introduction 
of the product must be properly timed. 

Further desirable factors include 
conformance with prevailing trends of 
public acceptance; ease of manufactur- 
ing consistent with existing facilities 
and that should fit into the trend of 
new and more mechanized facilities. 
Finally, the product must have high 
quality and reliability; and must be 
low cost and profitable. 

The design engineering department 
must know all factors relating to the 
objectives to do a proper job, Mr. 
Larson pointed out. This requires a 
high order of team work with cooperat- 
ing functions. It is participation that 
develops the “commercial viewpoint”, 
he indicated. 

Engineering works closely with the 
product planning and _ competitive 
analysis department, the functions of 
which include development of charts on 
major competitors, showing prices, 
discounts, distributor costs, and the 


general 
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comparison of features. Also. determine 








Perhaps you didn’t know that the 
world-famous alloy Nichrome is pro- 
duced not only in The United States, 
but also in 6 Driver-Harris plants in 
England, Ireland, France, Italy, 
Austria, Spain, and in Canada by The 
B. Greening Wire Company. Also, 
Nichrome is a registered trade-mark 
in 55 nations. 

At first, fifty-odd years ago, we man- 
ufactured electrical resistance alloys 
for furnace elements and domestic 





Manufacturing plants also in 


heating appliances only. Today we 
produce 132 different high nickel 
alloys in many different forms and in 
hundreds of sizes, for almost every 
kind of domestic and industrial appli- 
cation—of which Nichrome is the 
most illustrious. 


Whenever you buy Nichrome, you 
are assured of the unsurpassed and 
unvarying quality which has made 
Nichrome the supreme world stand- 
ard for electrical-resistance and heat- 


Nichrome is made only by 


COMPANY 


ENGLAND e CANADA e IRELAND e@ FRAD 





resistant alloys. This uniformly high 
quality, which we jealously guard as 
our most priceless possession, results 
from the technical excellence, the pro- 
ductive skill, and the quality controls 
the Driver-Harris craftsmen have 
gained in over 50 years of experience 
—and which are maintained with 
equal rigor in all Driver-Harris plants 
here and abroad. The result is a con- 
tinuous benefit to the entire electrical, 
electronic,and heat-treating industries. 

*T.M. Reg. U.S. Pat. Off. 


Drwer-Harris HARRISON, NEW JERSEY 


A Atl TC 
o ALY @ AUSTRIA @ 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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comparison of features. Also, determine 
trends in styling, features, and pricing; 
integrate reports from the sales and 
service departments relative to strong 
and weak points of the current product 
line; and finally, to integrate new engi- 
neering developments. 

Other functions include planning of 
new product lines, features, and tenta- 
tive pricing. Also, issue design and 
feature specifications for each model; 
assignment of styling to internal and 
outside consultants as necessary; and 
obtaining management approval of 
styling and specifications on each 
model. 

Still other co-operating groups 
include the cost department, purchas- 
ing and manufacturing. 

To obtain overall engineering leader- 
ship, provision must be made to create 
environment and direction for engineer- 
ing achievements which will promote 
leadership. This is the primary purpose 
of the advance development laboratory 
which works on engineering develop- 
ments aimed generally one to five years 
in advance to create better performance 
at lower cost, new commercially sale- 
able features, and new products and 
styling. 

Thus, through association with exist- 
ing departments and services, the 
engineering department is __ literally 
surrounded by cooperating functions, 
Mr. Larson said. It is through this 
daily exposure to co-operating depart- 
ments, their understanding of the other 
fellow’s problems, that develops the 
commercial viewpoint in the design 
engineer, he concluded. ooo 


RELAYS 


FOR INDUSTRIAL USE 


RELAYS 


FOR MILITARY USE 


RELAYS 


SIMPLE OR COMPLEX 


LAYS 


STANDARD OR SPECIAL 











New Approach to 
Whatever your relay needs may be, Comar Radar Testing 


will design and “custom-manufacture” the 


ONE 


COMPLETE ' 
A NEW CONCEPT IN THE operational 


SOURCE right relay for you. Electrical characteristics, testing of radar systems has been in- 
cluded in electronic equipment de- 


FOR ALL sizes and mountings are tailor-made to exactly veloped by the Air Research and 

fit your requirements. Precision-engineered, Development Command (ARDC). The 

YOUR = new testing equipment provides greater 

easier to install, more efficient in operation, accuracy and a time saving factor in 

RELAY economical in price. Send for details now! ee with conventional testing 
methods. 


NEEDS 


Known as the Automatic Radar 
Performance Monitor, it is being used 
by ARDC’s Rome Air Development 
Center (RADC), Rome, N. Y., to per- 
form continuous testing operations in 
the checking of various radar equip- 
ment for the Air Force. 

Radar performance depends on the 






Visit transmitted power spectrum, correct 

ELECTRIC COMPANY / BOOTH receiver tuning, and the receiver noise 

3349 ADDISON STREET a factor. Constant checking is essential 
CHICAGO 18, ILLINOIS sHOW to insure efficient operation of the 


equipment. The past method of stopping 
RELAYS + SOLENOIDS + COILS + TRANSFORMERS + SWITCHES + HERMETIC SEALING _|_ the radar operation for these tests has 
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positive mechanical drive 


(MCHC OE 
in graphic data 
MOTT 


MODEL 200-A for resistance inputs 


LIBRASCOPE’S UNIQUE “FLOATING GEAR TRAIN,” 
and conservatively rated conventional 
vacuum tube and harness circuitry 
result in static accuracy of 0.1% and dynamic 
accuracy within 0.5% of full scale, 
at a tracking rate of 5 inches per second. 


The Librascope Models 200-A and 200-B XY Plotters are engi- 
neered for accuracy, rapid response, and ease of oper- 
ation. The positive mechanical drive of the Floating 
Gear Train eliminates lost motion, cable stretching or 
alignment adjustments, normally found in the cable 
tape or lead screw type of drive. The new, simplified 
plotting pen of one-piece design—used for point or 
continuous plotting—eliminates bottles and tubes— 
permits rapid changing of ink colors. Easy to load 
and always visible, the plotting table accepts paper up 
to 11”x 17”. Point plotting or curved tracing is accom- 
plished with equal ease with one-second full scale re- 
sponse. A variety of input accessories are listed below. 


SELES eal eae 
a ia ana 
Converts the digital informa 
tion read from punched paper 





— - : aia?) 
Control panel configuration of MODEL 200-B for DC signal input 


MODEL 200-A can utilize any external resistance potenti- 
ometer as an input transducer associated with each axis. 
Independent 10 to 1 scale expansion and origin positioning 
controls are provided. Facilities for external control of the 
pen drop solenoid and for simultaneous control of external 
equipment through switch closures, are provided. 


MODEL 200-B, used for DC signal input, has full-scale sen- 
sitivities of five millivolts and an input impedance of 1,000 
megohms in the millivolt scale ranges. Drift-free operation 
is assured by chopper-stabilizing the voltage inputs against 
an Epply standard cell reference. 


READILY ADAPTABLE 
FOR RACK MOUNTING 


Librascope XY desk model 
plotters are readily adapt- 
able for mounting in stand- 
ard RCA and RMA racks, 
tor which accessory hard- 
ware is available at slight 
extra cost. 










ed 
BINARY CONVERTER 


Translates X and Y coordinate 
information received in the 
form of binary signals into 





tape into electric analog signals for automatic 


suitable for the c : point plotting by a MODEL 
actuation of a MODEL 200-A 200-A Plotter. Has a capacity 
Plotter of nine binary digits and a 

eT Cte Me mee es 1g aD Wa 






Career opportunities exist at Librascope for 
qualified engineers, physicists and 
mathematicians. Learn about Librascope’s 
new “Creative Project Development Teams.” 
Contact Glenn Seltzer, Employment Manager. 


IBRASCOPE 


©.» 
LIBRASCOPE, INCORPORATED - BOB WESTERN AVENUE + GLENDALE, CALIFORNIA 





A SUBSIDIARY OF 


7? LIBRASCOPE, INC 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 339 
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pings by the Millions 


Accurate makes springs by the millions—many of our customers use a 
million a month. That takes a lot of spring know-how, experience and 
skill. But to produce precision springs in large quantities at nominal 
cost takes more than that. It takes imagination. 


Imagination allows Accurate to approach problems without being 
too influenced by conventional methods. To successfully produce large 
quantities of precision springs Accurate customer service begins in the 
design and engineering stage. Highly developed skill in producing special 
tooling for large quantities often helps lower overall cost. Springs held 
to close tolerances are assured by rigid quality control and inspection. 
Packaging is designed to provide ease of handling and speed the cus- 
tomers’ production. Scheduling and planning departments assure quan- 
tities delivered to meet your needs and reduce inventory requirements. 


That is the type of experience, skill . . . and imagination, that allows 
Accurate to produce springs by the millions. Plan your springs with 
Accurate too. 


ACCURATE SPRING MANUFACTURING COMPANY 
3817 W. Lake St., Chicago 24, Illinois 
SPRINGS °* 


WIRE FORMS * STAMPINGS 
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been eliminated by the use of the new 
monitor. 

This new test equipment includes 
a circuit design that provides greater 
accuracy in checking the _ receiver 
sensitivity, or the minimum signal that 
can be detected over the noise level. 
The monitor is built in, and bulky 
hand-carried test equipment is not 
required. 

Composed of a power monitor, a 
relative tuning indicator, and a noise 
factor indicator, this equipment can 
be modified for use with radar sets 
now operating at various Air Force 
installations. It is expected that the 
Automatic Radar Performance Monitor 
will be incorporated in future radar 
systems developed at RADC. 

The monitor equipment is being 
manufactured at Airborne Instruments 
Laboratory. and is based on ideas and 
techniques obtained from studies at 
Rutgers University, the University of 
Wisconsin, the Polytechnic Research 
and Development Company, Brooklyn, 
New York, the Canoga Corporation. 
Van Nuys. California, and RADC. 


Science Manpower 
Deficit of 100,000 
Seen in 10 Years 


WitHin 10 years America will need 
nearly 100,000 more scientists and en- 
gineers than current training trends in- 
dicate we will have, officials of The B. 
F. Goodrich Co., Akron, Ohio stated 
recently. John L. Collyer, chairman, 
and W. S. Richardson, president, said 
America must have an adequate supply 
of “the qualified scientists and engi- 
neers needed to bring out and develop 
the discoveries we need to provide ris- 
ing living standards for our increasing 
population.” 

A shortage could be avoided if just 
20 to 30 more students out of each 
1000 graduates attained degrees in 
science and engineering, they said. 
This could be accomplished if a rela- 
tively few more students who had not 
planned to enter college enrolled in 
science and engineering and if the high 
percentage of college failures among 
science and engineering students could 
be reduced without lowering academic 
standards, Collyer said. 

The company has published a com- 
prehensive study* of trends in scientific 
and engineering manpower to provide 
information upon which the extent of 
our manpower needs may be gaged and 
to suggest possible areas of action for 
meeting the needs. Estimates in the 





*A Study of the Scientific Manpower Problem of 
the United States. 
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VASTLY 
IMPROVED 


THERMOCOUPLE 
WIRE 


developed by 
Claud S. Gordon Co. 


... Made possible by new Fiberglas staple yarns! 





instrument manufacturers 


Now bonded staple Fiberglas* yarns are available for use 
as outer braids on thermocouple lead and extension wires, 
and type AVA, AIA and AA applications. The Fiberglas 
covering permits a more durable, flexible wire. The Claud S. 
Gordon Company reports Fiberglas-braided thermocouple 
wire suitable for consistent use at temperatures up to 
1000° F., with wide safety factor. 


The Fiberglas braid covering contains no organic fibers, 
thus there is no powdering when the wire is subjected to high 
temperatures and adverse atmospheric conditions. The tough 
braid is easily stripped, yet has high tensile strength, superior 
coverage and good abrasion resistance. It is compatible with Bonded staple Fiberglas yarns on a Butt braider. These yarns 


can also be braided on high-speed equipment. 
conventional finishes and can be color coded. 


Learn more about all the excellent properties of this new 


OWENS-CORNING 


bonded staple Fiberglas yarn for your wire-covering applica- 
tion. Write Dept. 193-C, Textile Products Division, Owens- ai B EK tte j A i) 
Corning Fiberglas Corporation, New York 22, New York. ; 


*T. M. (Reg. U.S. Pat. Off.. O-C_F. Corp 
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How Alcoa annem 
Fasteners make good | 
awnings even better 
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Alcoa® Aluminum Fasteners 
guard your reputation for qual- 
ity aluminum awnings. They in- 
sure against both galvanic and 
atmospheric corrosion. They 
provide perfect color match and 
lasting good looks. Specify Alcoa 
Fasteners for assembly and in- 
stallation. Your local Alcoa dis- 
tributor carries complete stocks 
for every requirement. He is 
listed in the Yellow Pages of | 
your telephone directory. 


> 
THE ALCOA HOUR 
TELEV NS FINEST LIVE DRAMA 
ALTERNATE SUNDAY EVENINGS 


5 





ALCOA ©. | 


F ALUMINUM 
FASTENERS 


BACOA | 


Your Guide 
to the Best in 
Aluminum Valve 


Fill out coupon for facts, samples 








porate ty ‘ 1 

| Aluminum Company of America | 

| 2241-C Alcoa Bidg., Pittsburgh 19, Pa. 

| Gentlemen: | 
Please send complete specification data 1 | 

. and samples of Alcoa Aluminum Fasteners. | | 

| Name__ I | 

Title__ 

| Company 

| Address__ a 1 | 

| 

all lad sienklatailaparemrnscennad J| 
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study are based on projections of the 
growth of the nation’s population, in- 
dustry and education. 

Scientists and engineers are currently 
being graduated at the rate of 186 out 
of each 1000 students who earn college 
first degrees. If this trend continues 
until 1967 fewer scientists and engi- 
neers will be added to the available 
supply than will be needed to keep our 
economy moving forward at its present 
pace, the report states. 

To meet our basic needs for con- 
tinued growth and expansion, 205 to 
215 out of each 1000 graduates should 
become scientists and engineers, Mr. 
Collyer said. This would mean that 
science and engineering would account 
for slightly more than 20 per cent of 
all college graduates. He said that it 
does not appear unreasonable to expect 
that this increase can be achieved. 
Twenty-five per cent of those graduating 
in 1950 and more than 20 per cent of 
those graduating in five of the eight 
years from 1948 to 1955 were in the 
fields of science and engineering. 

The nation now has a total of 950,000 
scientists and engineers, Collyer said. 
In 10 years, our need for scientists and 
engineers will have increased to 1,379,- 
000. By 1975, we will need a total of 
2,040,000 scientists and engineers. To 
accomplish this goal, facilities for 
higher education will have to be more 
than doubled. Total first degrees to 
be awarded by colleges next year is 
estimated at 292,800. By 1975, he said, 
this figure will rise to about 733,900. 

Our population is expected te in- 
crease from 167,760,000 today to 214,- 
580,000 in 1975, he said. Gross national 


| product is expected to rise from $403 


billion today to about $750 billion in 
1975. OOO 


Cites Experience in Recruiting 
German Engineers for the U.S. 


It HAS BEEN THE PRACTICE for U. S. 
| manufacturers to recruit engineers from 


abroad, even before the present short- 
age. The market is there but restric- 
tions are rapidly being placed on such 
raids by the countries involved. One 
American executive has just returned 
from a successful recruiting trip but 
hastens to explain that he completed 
his recruitments before restrictions 
were clamped down hard. He concludes 
that American industry in general will 
find no solution to its own engineering 
manpower shortages by looking in 
Europe for engineers. 

Dr. H. H. Woerdemann, president of 
Research Corp., Los 
Angeles, recently returned from 
Western Germany where he recruited 
10 top electronic scientists and engi- 
neers for his company. The lack of 









a division of Beckman Instruments, Inc. 
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product 
surprise 
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Beckman 


Servomotor- 


Rate Generator 


Snug as two bugs in their 
unitized stainless steel 
housing, motor and generator 
work hand-in-hand on the 
same shaft .. . to improve 
response characteristics of 
suffering servo systems. 


Where the trouble is in the 
dynamics of your system 
components, watch this 
purposeful pair roll up their 
sleeves and go to work. The high 
torque-to-inertia motor, for 
instance, responds quickly and 
accurately to error signals... 
with acceleration at stall up to 
100,000 radians/sec.?. Signal-to- 
noise ratio of the linear generator 
is 25:1 or better. Aiding and 
abetting each other in their 
dedicated mission, they'll operate 
continuously at stall and at total 
unit temperature from —55°C 
to 200°C. 


Right now, our corrosion- 
resistant, completely encapsulated 
Servomotor-Rate Generators are 
available in sizes 11, 15 and 18. 
(We'll soon add size 8; 
eventually, other sizes.) We’ve 
got descriptive literature available 
too. It’s data file 332. 


a ed 
/ Helipot 
/ Corporation 
Newport Beach, California 


Engineering representatives 


in principal cities 
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Helipot makes precision potentiometers 
... linear and non-linear... in 

the widest choice of sizes, mounting 
styles and resistances. Many models 
are stocked for immediate shipment. 
Our engineers will gladly adapt 
standard models to your requirements 
or design entirely new HELIPOT* 
precision potentiometers for you. 


955" REG. U. S. PAT. OFF. 


Another 
product 


Surprise @ 





from 
Helipot! 


Tooting a symbolic clarion and passing out imaginary cigars, 
Helipot introduces one of its new-born offspring . . . the series 5300 
precision potentiometer. 


A single-turn unit, it’s 1-1/4 inches in diameter . . . designed for bushing 
mounting. With its innards comfortably ensconced in an accurately 
drawn one-piece aluminum cup, the 5300 gives you ruggedness, 
compactness and long life. We proud papas direct your attention to such 
salient features as the range of total resistance . . . from 25 to 49,000 
ohms... linearity as close as + 0.25%. ..and considerable improvement 
in torque, noise and mechanical runout. 


For vital statistics on this prodigy of a progeny, write for data file 322. 


oa le 
Beckmar® 
H el i pot Corporation : Newport Beach, California 
a division of Beckman Instruments, Inc. 


Engineering representatives in principal cities 
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FOR DEPENDABLE SERVICE 
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Over 65 years of leadership in the 
ale wiring device field have ieouhet the 
COMES FROM industry to look to Pass& Seymour for 

1 the Precision Manufacturing and Cre- 
ative Engineering that means 
stronger, longer-lasting, simpler-to- 
use wiring devices. 


P&S SUPER AC SWITCHES 


Pass & Seymour-engineered for ex- 
tra long life on HEAVY DUTY service. 
P & S Super Switches can be used at 
full rated capacity for tungsten fila- 
ment lamp loads, fluorescent installa- 
tions, and at 80% of the switch rating 
on motor loads. Rated 15 and 20 am- 
peres, 120 Volts A.C. to 277 Volts A.C. 


Pa$ TURNLOK LINE 


Heavily armored caps... sturdy, 
two piece bodies for longer life. Easy 
back or side wiring. Available in 10 
and 20 amperes—2, 3, and 4-wire 
types. Modern face design plainly in- 
dicates ampere ratings on all recep- 
tacles. 


Pz$ POLARIZED DEVICES 


Extra heavy bodies and extra 
heavy metal parts withstand hard- 
est wear for longer periods of time. 
we ey Paey)t,:«SCAMIL:sésreceptaciles have extra design 

& z features to make installation easy 
and quick. Available in 10 and 20 am- 
peres—2, 3, and 4-wire connectors, 
receptacles and caps. 


wits 





Write Dept. EM-9 for full listings and 
descriptions of these and all other 
cadet abahidiaina si types or wiring devices in the com- 

— plete quality Pass & Seymour line. For 
P&S quality—order by P&S number. 













PASS & SEYMOUR, INC. 
SYRACUSE 9, NEW YORK 

60 E. 42nd St., New York 17, N. Y. 1229 W. Washington Bivd., Chicago 7, Ill. 

in Canada; Renfrew Elec. & Refrig. Co., Ltd., Renfrew, Ontario 


MAKE THE COMPLETE JOB COMPLETELY P&S 
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engineers in Germany is every bit as 
acute as it is here, according to Dr. 
Woerdemann. He pointed out that 
existing conditions and restrictions in 
Germany make it close to impossible 
today to undertake organized recruiting 
there. The German government has 
recently issued restrictions against 
advertising for such personnel in that 
country’s newspapers, if the place of 
employment is outside Germany. 

Complicating the problem even more. 
Dr. Woerdemann disclosed, is the fact 
that German engineers can quit their 
employment only at quarterly periods 
and must give 6 weeks’ advance notice 
of intention to leave their work. One 
of the greatest deterrents to outside 
recruiting attempts there is the fact 
that German engineers are, on the 
whole, content with their way of life 
in Germany. Salaries and working 
conditions are good, so are opportunity 
and personal recognition. Dr. Woerde- 
mann added that European scientists 
and engineers also believe that their 
type of work is conducted on a much 
higher professional plane than in the 
United States, and that in Europe they 
enjoy greater prestige. 

Dr. Woerdemann attributes much of 
his recent success in securing personnel 
to the fact that his own background as 
a former native of Germany gave him 
the perspective to draw convincing 
comparisons of both professional and 
every day life in the United States and 
Germany. “The superiority of the 
American standard of living has proved 
a convincing argument,” Dr. Woerde- 
mann disclosed. 

His personnel interviews were lined 
up well in advance through an adver- 
tisement placed in a German technical 
publication just before restrictions 
were imposed. The ad cost $35 and 
brought 35 replies, all from highly 
qualified people, as contrasted with 
several hundred dollars per hire in 
the U.S. 

While some of the men hired ex- 
pressed their intention to return to 
Germany after acquiring a few years of 
experience in magnetics here, Dr. 
Woerdemann is convinced that the 


_ American standard of living will quickly 


make them change their minds. And 
those who originally fled from Eastern 
Germany, he said, have no doubts 
whatever about staying in America. 


nT 


Transformer ‘‘Specs’’ 
Clarified 


As RECENTLY ANNOUNCED by _ the 
Armed Services Electro Standards 
Agency (ASESA), Fort Monmouth, 
N. J., the dielectric strength and flam- 
mability requirements of MIL T-27A 
have been clarified at a meeting of 
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whatever the job... 





1. Self-sticking 2. Heat-curing 


WRITE Permacet Tare CORPORATION, NEW BRUNSWICK, NEW JERSEY « a tohwronalofmren company 
v U 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVEK 345 








346 
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be Be 


TARRYTOWN, N. Y. 
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Armed Services representatives on No- 
vember 28, 1956. 

The interpretations tentatively de- 
cided upon at this meeting are to be 
used until such time as an amendment 
can be promulgated officially placing 
new wordings into the specifications. 
The following are the interpretations 
which are to be used in the interim. 
1. Dielectric Strength. 

a. The definition of the “working 
voltage” appearing as the footnote to 
Table XVI in MIL T-27A is to be as 
follows: “The working voltage is de- 
fined as the maximum instantaneous 
voltage stress that may appear under 
normal rated operation across the in- 
sulation being considered. This insula- 
tion may be between windings or be- 
tween a winding and case or core.” 

b. In supplying transformers for 
Government end use, manufacturers are 
to specify in the marking the working 
voltages applicable from each winding 
to ground and between each of the 
windings of the transformer. These 
working voltages are to be those de- 
termined from actual application or de- 
sign purposes rather than from the 
capabilities of the terminals being used. 

c. In specifying the dielectric test 
voltages to be used in performing the 
dielectric strength test, both at sea 
level and at high altitude, the manu- 
facturer may either calculate the volt- 
age from Table XVI of the specification 
or use higher test voltages determined 
from the capability of the units being 
tested. Both winding-to-ground and 
winding-to-winding tests are to be 
applied except where the winding-to- 
ground voltages specified are equal to 
or higher than the winding-to-winding 
voltages obtained by calculations from 
Table XVI. To reduce the amount of 
testing required, where there is suf- 
ficient insulation used in the construc- 
tion of the transformer, it is urged that 
sufficiently high winding-to-ground test 
voltages be specified to eliminate the 
need for winding-to-winding tests. 

d. In performing any winding-to- 
winding dielectric strength tests, the 
method used shall consist of two sources 
of test potentials, properly phased with 
one terminal of each source grounded 
to the case. Voltages applied shall be 
proportionalized in the same ratio as 
the voltages specified from each of the 
windings to ground. 

2. Flammability — “Self-extinguishing” 
shall be defined as follows: 

a. No more than 25 per cent of the 
surface area of the transformer shall 
be charred during the period the flame 
is applied. 

b. The area of combustion of the 
material shall not increase after re- 
moval of the applied flame. 

c. The duration of the flame shall 
not exceed 1 min after the applied 
flame has been removed. OOO 
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thousands of combinations for 


REMOTE CONTROL 
SWITCHING 


elite ay eae ge al 


SOLENOIDS* SWITCHES 


Nie Mal: tae tat eel) 
G. H. LELAND, INC. 









The variety of Oak switches 
is almost limitless. Combined 
with Oak rotary solenoids, they provide 
an assortment of Rotary Selectors that 
covers almost any low-current application— 
simple or complex, military or commercial. 
Oak Rotary Selectors give a positive 
stepping action, even under severe vibration 
and shock. To help you get the exact 
remote-control unit you require, Oak 
engineers will be glad to work out special 
recommendations. Write for copies of 

the Oak switch catalog and rotary solenoid 
bulletin with time-saving layout sheets. 


SWITCHES @ ROTARY SOLENOIDS e MFG. 
CHOPPERS ¢@ SPECIAL ASSEMBLIES e co. 
VIBRATORS ¢ TUNERS 


1260 Clybourn Avenue, Dept. H, Chicago 10, Illinois 
Phone: MOhawk 4-2222 
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Gear-Grip 


Flexible Coupling 


The most revolutionary design advancement | 
for integral H.P. 


in a century! 
| 
| 





Positive power 
transmission of rated 
load. Gear teeth on end castings 

match special rubber tube section. 


@ Load Ranges—2'2 H.P. to 25 H.P. 
e Shaft sizes—34" to 17%" 

e Specified lengths to design 
requirements. 

Prevents end thrust. 

“By Eye” shaft alignment. 

No lubrication required. 

Shaft Safety features. 


Dyna-line.. . 


The finest flexible coupling in single unit 
construction—specifically designed for frac- 
tional H.P. 





5R 4k 3R 2R IR OR 


OOR 


@ True Flexibility and Torsional Resili- 
ence for quiet, load-plus power trans- 
mission without extreme deflection or 
twist. 

@ Lengths varied to design specifica- 
tions in each series. 

e@ Load ranges—1/15 to 1% H.-P. 

e Shaft sizes— 
3/16” to %4"’. 

e Lowest O.D. 
for highest 
torque ca- 
pacity. 


Write for Catalogs and 
Technical Bulletins. 










PRODUCTS CORP. 


COUPLING DIVISION 


DEPT E-37, 1215 E. SECOND ST. 
MICHIGAN CITY, INDIANA 


NEW! Military Electronics Spending | 


_ Measured by RETMA Formula | 


ESTIMATING PROCEDURES DEVELOPED in 
cooperation with industry and govern- 
ment sources have resulted in a new 
statistical formula which will make 
possible a quarterly report on military 
electroncs expenditures in all major 
categories of Defense Department pro- 
curement. 

The RETMA Marketing Data De- 
partment devised the formula which 
can be applied to extract that portion 
of military expenditures for electronics 
from such major procurement cate- 
gories as aircraft, ships, combat vehi- 
cles, missiles, electronics and communi- 
cations, and research and development. 
Such data has not previously been avail- 
able from any source. 

Estimates based on the formula and 
computations show that electronic pro- 
curement amounted to $2.733 billion 
in fiscal year 1956. It was also esti- 
mated that in the first quarter of fiscal 
year 1957, $632.6 million was expended 
in that category. 

Broken down into major procurement 
items, the RETMA computation shows 
(figures in millions of dollars) : 


Fiscal Ist Quar. 
Budget Category year 1956 FY 1957 
Aircraft $ 925.0 $213.0 
Ships and harbor craft 80.0 17.0 
Combat vehicles 9.5 1.0 
Support vehicles 5.8 2 
Guided Missiles 630.0 205.0 
Electronics and 
communications 770.2 130.0 
Research and development 265.0 66.0 
Miscellaneous 47.5 A 
TOTAL "$2.7: 33.0 $632.6 
Percentage-wise, the $925.0 million 
expended for “aircraft” electronics rep- 


resents a 34 per cent slice of the total 
spent for electronics in fiscal year 1956. 
Thirty-four per cent of the electronics 
budget also went for “aircraft” elec- 
tronics during the first quarter of fiscal 
year 1957, RETMA reported. 

In the electronics and communica- 
tions field, the $770 million spent by 
the DOD in this category for electron- 
ics represents 28 per cent of the total 
$2.733 billion spent for electronics in 
FY 1956. Twenty per cent of the total 
during the first quarter of FY 1957 
went into the electronics portion of 
this category, RETMA is now able to 
report, Executive Vice President James 
D. Secrest said. 

For guided missiles, 23 per cent of 
the total spent for electronics, or $639 
million, was expended during the fiscal 
year 1956, the RETMA official said, 
and 32 per cent during the first quarter 
of fiscal year 1957. Oooo 
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INVERTERS 


; for changing your stor- 
‘ age battery current to 


oS Ac. Pouschold 
WN ELECTRICITY 


Anywhere 


... in your 
_—— 

» own car! 
——— = 


mounted 

eT meet Meat: Lat 
under dash 
or in trunk 
compartment! 


especially designed for operating 
standard 110 volt A.C.... 


@ TAPE RECORDERS e DICTATING MACHINES 
e@ WIRE RECORDERS e ELECTRIC RAZORS 


for 
@ EXECUTIVES @ OUTDOOR MEN 
@ SALESMEN @ REPORTERS 
@ PUBLIC OFFICIALS e@ FIELD INSPECTORS 
@ POLICEMEN @ DOCTORS 
@ FIREMEN @ LAWYERS, ETC. 


See your jobber or write factory 


~NEW MODELS +/NEW DESIGNS > NEW LITERATURE 
“A” Battery Eliminators, DC-AC Inverters, Auto Radio Vibrators 


American Tetevision & Ravio Co. 


Luality Products Since 1931 
SAINT PAUL 1, MINNESOTA, U.S. A. 


MARCH 1957 ELECTRICAL MANUFACTURING 

















16 v5 wer crf 


Foot switch of ZYTEL® 

offers mechanical and 

dielectric strength... 
heat resistance 





Switch components made of ZyYTEL nylon 
resin are used in this vacuum cleaner man 
ufactured by Electrolux Corporation of 
Old Greenwich, Connecticut. Sturdy foot 
switch has high impact strength. ZYTEL 
provides excellent insulating properties, 
resists heat distortion. Because of the 
outstanding abrasion resistance of ZYTEL. 
this switch will retain its attractive appear- 
ance in hard service. (Switch parts by 
Mack Molding Company, Arlington, Vt.) 

Du Pont ZyTEL is offered in a variety of 
formulations to meet the specific needs of 
manufacturers. It may be injection-molded, 
extruded in a variety of cross sections, 
and parts are easily machined from stock. 
Metal inserts, such as electrical connec- 
tors, can be molded directly into compo- 
nents of ZYTEL nylon resin. 


ATTRACTIVE, durable products like that shown 
above utilize Du Pont ZYTEL nylon resin. This 
7-transistor portable radio manufactured by 
the Zenith Radio Corporation, Chicago, has an 
unbreakable case of ZYTEL. The smooth finish 
of ZYTEL helps provide special sales appeal. 
(Molder: Plastic Molded Products Co., Chicago.) 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


NEW 


Parts of ZYTEL’ nylon resin 
outperform conventional materials 


MOLDED PARTS of ZYTEL nylon resin con- 
tribute to the smoother, quieter operation of the 
fast-running Mergenthaler Linotype machine. 


Molded parts of ZyTEL nylon resin have 
helped the manufacturer of the Linotype 
machine achieve better performance. For 
example, ZYTEL has replaced cast iron in 
gears for rubber keyboard rolls, steel in 
assembler pulleys and star sprockets, fiber 
in assembler stars and matrix buffers, and 
other materials in such components as 
control knobs and stop sleeves. These parts 
have proved their ability to stand up under 
the most rugged service. 

Intricate shapes such as these can be 
economically mass-produced by injection 
molding. With ZyTEL, precise dimensions 
can be achieved. Parts of ZyTEL are resil- 
ient and tough. They resist wear, and oper- 
ate quietly with little or no lubrication. 
Parts of durable ZyTEL feature chemical 


SEND FOR 
INFORMATION 


Name 

Company 
and application data on Street_ 
Du Pont ZYTEL nylon resin, City 


| 

| 

| 

| 

| 

| 

| 

For additional property | 
| 

| 

| 

mail this coupon. 
| 

| 

| 


in Linotype machine 


E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Dept. 
Room 153, Du Pont Building, Wilmington 98, Delaware 


Please send me more information on Du Pont ZYTEL nylon 
resin. | am interested in evaluating this material for 


Type of Business 


IN CANADA: DuPont Co of Canada 1956) Limited, P. 0. Box 660, Montreal, Quebec 





Maintenance and downtime are decreased. 
ZYTEL requires less lubrication and outwears 
the conventional materials it replaces. 


resistance and are rated for operation at 
temperatures as high as 250°F. 

ZYTEL is often used where mechanical 
strength in thin sections, plus superior elec- 
trical insulating properties, is required. 
Its high impact strength makes it especially 
valuable for electrical parts such as cams 
and switches which are subject to rapid 
mechanical cycling. ZYTEL is one of the 
lightest and strongest of resins. It is avail- 
able in rich, deep colors . . . including 
metallics. 

By use of Du Pont ZyTEL nylon resin, 
you may achieve a dramatic improvement 
in the performance of one or more com- 
ponents in your own designs. Information 
based on the experience of designers and 
manufacturers is available. 


__ Position 


CO a 















Now Available! 


MULTIPLE REPRINT... 


Human 
Engineering 
In 
Equipment 
Design 


This 94 page handbook contains previously published ELECTRICAL MANU- 
FACTURING articles on theory, techniques and practice of human engineering 
written for the special needs of the designer of electrically energized machines, 
equipment, appliances and instruments. Relationship between human engineering 
and broad aspects of reliability and maintenance are discussed. Certain articles 
emphasize design case histories and analyses of specific design parameters, in- 
cluding problems in military equipment, control systems, data processing systems, 
special-purpose instrumentations, and training devices. Methods for setting up 
human engineering groups within an engineering organization are given. Tables 
of human engineering ‘“do’s and don’ts” and other practical design aids are 
provided. Contents include: 


Introduction to Human Engineering in Product Design 
Human Engineering in Control Systems 

Designing for Operator Size and Shape 

Human Engineering in Civilian Products 


Human-Engineered Electromechanical Tactual Sensory Control 
System 


Human-Engineered Design for Reliability and Maintenance 
Human Factors in Automaticity (an Editorial) 

Human Engineering in Equipment Design 

Your Product: How Light? How Small? How Compact? 
Design of Graphic Control Panels 


Price per copy $2.50. Orders, with remittance attached, should be sent to: 


Reader Service Department, The Gage Publishing Company 
1250 Sixth Avenue, New York 20, N. Y. 


(Special price on bulk orders.) 








Developments in 
Polyethylene Insulation 


(Continued from page 117) 


of 11 dielectrically matched, high- 
opacity colored insulating compounds 
maintain dielectric constant to within 
approximately 1 per cent of a speci- 
fied value, measured in either the 
kilocycle or the megacycle range ini- 
tially or after 14 days water immer- 
sion. Dielectric loss was specified as 
0.0005 or less. (6) 


What is on the Horizon? 


What has been accomplished by 
polyethylene and what is on the 
horizon? 

1. Increased output from new man- 
ufacturing facilities has been 
perhaps the most recent prac- 
tical accomplishment. The un- 
certainty of a sufficient supply 
has previously been a drawback 
to programming of new inten- 
sive research and development 
programs. This is now being 
overcome. 

2. Processing has been improved 
considerably as a_ result of 
greater studies on the effect of 
granular shape and size and the 
types suitable for the most effi- 
cient extrusion methods. 

3. Price has been reduced, thereby 
making it more attractive to 
many new users. 

4. As already mentioned, we are 
living in an era of copolymers, 
blends, composite structures, 
and many variations on the 
theme. The future of polyethyl- 
ene is undoubtedly integrated 
with such developments. 

5. The availability of polypro- 
pylene with its high softening 
point of about 170 to 180 C ap- 
pears to offer much promise in 
the direction of copolymers. 
Although polypropylene _ itself 
shows some disturbing charac- 
teristics such as oxidation de- 
gradation and low-temperature 
brittleness, improved character- 
istics are believed possible 
through copolymers with poly- 
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| IN CANADA: DuPont Co of Canada 1956) Limited, P. 0. Box 660, Montreal, Quebec 


where, how and why 


aluminum helps 


increase KVA ratings in 


GENERATORS 





To help increase its KVA ratings in 
large turbogenerators, one major 
manufacturer uses a special low- 
creep aluminum alloy for its field 
windings. The individual rotor coils, 
formed in a manner similar to cop- 
per, are joined by flash welding to 
form a continuous conductor. Alu- 
minum’s light weight means re- 
duced centrifugal forces—makes 
possible larger generators with in- 
creased KVA ratings. 

In the design of turbine generators, 
aluminum is one of the few materials 
versatile enough to be used as an 
electric conductor in field windings 
. .. asa mechanical or structural ma- 
terial in fan blades, vanes and inlet 
guide castings...and in terminal 
plates and rotor coil slot wedges 
where aluminum’s non-magnetic 


IMPROVING ELECTRICAL SYSTEMS 
* FROM POWER SOURCE TO END USE... 
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properties are important. Alu- 
minum’s low cost and excellent 
availability are important in all 
applications. 

From power source to end use, for 
conversion or for new applications— 
aluminum is also reducing costs and 
improving performance in countless 
other products in the electrical in- 
dustry. For details and assistance of 
Reynolds Engineering Service on 
your products or problems, call your 
nearest Reynolds Office or write 
Reynolds Metals Company, P.O. 
Box 1800-ED, Louisville 1, Ky. 


are made with 


REYNOLDS G&S ALUMINUM 
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FURNAS ELECTRIC 


Oil Tight PUSH BUTTONS 
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DESIGNED FOR EVERY APPLICATION 
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Now for the first time, because of 
standardization and interchangeabil- 
ity, more combinations of Oil Tight 
push buttons are available with fewer 
parts. As a result, Furnas Electric de- 
sign and research again lead the field, 
this time with the finest oil tight push 
buttons available. 

When you specify Furnas Electric, 
you get one standard contact block. 
No rights or lefts—no special units 
for horizontal or vertical mounting. 

Accessories (key lock, mushroom 
head or lever) are mounted directly 
on all standard operators. Operators 
need not be modified or removed from 
panels. 


For full information on oil tight or general purpose 
push buttons, selector switches or pilot lights, write 


today for Catalog 5606. 
1024 McKee Street, Batavia, Illinois. 


Furnas Electric Company, 







































ethylene. We may see some 
pilot-plant materials in 18 
months or two years. Initial tests 
indicate quite acceptable impact 
resistance and flexibility. 

6. A whole class of new vulcaniza- 
ble materials is foreseen, which 
may also involve polyethylene. 

i. Although the high cost of some 
newer polyethylenes is stressed 
time and again, the historic 
factor of reduced costs as vol- 
ume increases has to be remem- 
bered. 


an 
we 


We need more extensive investi- 
gation of methods for irradiat- 
ing completed polyethylene-insu- 
lated cable structures both fo: 
low and high voltage power use. 
9, We may see a continuous move 
to replace other materials such 
as neoprene with polyethylene 
for applications such as line 
wire and service drop cables and 
some replacement of neoprene 
by polyethylene cable sheath. 
10. A persists for a 
flame-resistant polyethylene in 
which the additives do not im- 
pair the original properties. 
Also needed is a polyethylene 
that will withstand the effects o! 
oil and grease at temperature: 
up to 80 C. 


need good 


1. Most important of our needs is 
a polyethylene that will with- 
stand the effects of corona, o1 
effective design means to elimi- 
nate corona, or both. The widest 
gap to be filled in polyethylene 
application is in the high-volt- 
age power cable field. 

We have before us so many varia- 
bles in density or crystallinity, melt 
index, cross linkage, molecular weight 
and molecular weight distribution. 
that it is difficult to make any clear- 
cut appraisal of the present or pro- 
nouncements on the future. Unques- 
tionably, polyethylene is in a state of 
great ferment. It would be fair to say 
that we are not going to replace the 
existing materials except in specific 
applications. Every materials pro- 
ducer stresses that there is no fixed 
class of polyethylene materials. The 
Ziegler process, for example, does not 
give forth just one type of polyethy]- 
ene. The most dramatic element of 
present-day development is that we 
have here a great new family of poly- 
mers, the polyolefins. We can thereby 
widen the entire area of wire and 
cable performance to meet the in- 
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and only USG brushes 
have STATITE permanent 
shunt connections 


\ 
\ 


If you are having trouble with shunts jarring tion, Statite shunt connections retain their original 
loose or being pulled out, we s.ggest you try USG low millivolt shunt drop, cannot oxidize, and are 
Brushes with Statite. Statite isa permanent shunt —_ unaffected by temperature extremes. USG Brushes 
connection needing no hammerclips. It can’t be are manufactured in a variety of types and sizes 






\ 
\ 


\ 
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jarred out even under severe operating conditions, for all applications from fractional horsepower to 
and will assure your electric motors of steady diesel generator. Grades available include carbon 
maintenance-free performance. Statite eliminates and carbon-graphite, electrographitic, graphite, 
the need for riveted shunt connections. In addi- —_ metal graphite, and silver graphite. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION ¢e SAGINAW 8, MICHIGAN 


THE UNITED STATES GRAPHITE COMPANY 
SAGINAW 8, MICHIGAN 


NAME 


COMPANY 
ADDRESS 
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You’re welcome to our technical service 


Here’s a word of advice, just in case you run into a problem 
in metal selection, fabrication or machining...or are faced with 
unusual service conditions or product requirements. You can get help 
from Riverside-Alloy’s Technical Service Dept. Their wide experience 
with non-ferrous alloys through the years is at your service. 
Expert technical service is a Riverside-Alloy extra that stands behind 
our line of phosphor bronze, nickel silver, cupro-nickel, 
beryllium copper, stainless steel and nickel alloys. For information 
on our quality wire, rod and strip for your products, 
write to Riverside-Alloy Metal Division, 


H. K. Porter Company, Inc., Riverside, N. J. 






Send today for our 
free handbooks 


ALLOY METAL WIRE 
Prospect Park, Pa. 


RIVERSIDE METAL 
Riverside, N.J. 


PRENTISS WIRE MILLS 
Holyoke, Mass. 


RIVERSIDE-ALLOY METAL DIVISION 
H. K. PORTER COMPANY, INC. 
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creasingly difficult and severe service 
operations imposed by our contem- 
porary industrial power and equip- 
ment needs, 

What about output—plants—ton- 
nage? To be realistic we should wait 
until the end of 1957. Estimates for 
the productive capacity as of the end 
of 1957 vary from individual to in- 
dividual. However, it would seem that 
the U. S. A. annual productive capac- 
ity by the end of this year might well 
be up to 1 billion pounds annually, 
including the standard high-pressure 
high-density materials, and adding to 
it the medium-density and low-density 
materials. 


Current Literature 


The appended literature references 
represent some valuable contributions 
presented at technical symposia dur- 
ing the past two years. All data and 
opinion as presented in such papers 
(and others, not referenced here) 
should be very carefully assayed be- 
fore application. This is not to im- 
pute the validity of such data and 
opinion, but to underscore the need 
for interpretation of all current in- 
formation on a realistic basis. We 
must know when tests were made: 
whether the test specimen represents 
recent production, a year ago, or 
when. Comment on any paper will 
show sharply the divergencies in 
opinions and the controversial view- 
points that exist. There is undoubted- 
ly validity in every viewpoint but it 
has to be related to a specific end use 
and its associate service needs. O O O 
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2. “Hi-Fax (Linear) Polyethylene Poten- 
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. “Irrathene Irradiated Polyethylene—A 
New Insulating Material for Wire and 
Cable,” Kenneth J. Mackenzie, Chemical 
Materials Department, General Electric 
Company.* 

6. “Trends in Materials for Extrusion on 
Communication Wire and Cable,” J. B. 

Howard and V. T. Wallder, Bell Tele- 
phone Laboratories.** 

7. “Properties of Hypalon Wire Coverings,” 
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TORRINGTON PRESENTS: 


An important new line of complete 
blower units for central air condi- 
tioning, heating and ventilating, 
in a wide range of sizes, full and 
three-quarter widths, and incor- 
porating the following exclusive 
Torrington features: 

1. An exceptional new Center- 
Lock airotor introducing an en- 
tirely new principle of blower 
wheel construction in which (see 
insert) the center disc is dove- 
tailed under pressure into the en- 
circling blades. As a result of this 
design feature, the interlocking 
joint tightens under centrifugal 
force, eliminating blade rattle and 
angle warp at high speeds. 

2. A Multi-Position blower hous- 
ing, easily adaptable to left or 
right, up or down flow require- 
ments, of the finest welded steel 
construction and special finish. 
3. Availability in either belt- 
driven or direct drive assemblies. 
4. Unit flexibility, providing feet, 
motor mounting assembly to meet 
your individual mounting require- 
ments. 

This new product line is a major 
development backed by all the 
standards of engineering quality 
consistent with Torrington leader- 
ship in the air impeller industry. 
Your inquiries are invited. 








+ ee 


TORRINGTON 


MANUFACTURING COMPANY 


TORRINGTON, CONNECTICUT 
VAN NUYS, CALIFORNIA: OAKVILLE, ONTARIO 
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Standard Duty Types 
.05 to 40 hp. at 1750 rpm 
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Medium and Heavy Duty Types 
2.6 to 810 hp. ot 100 rpm. 





Radially 
Removal 
Types 

1.9 to 30 hp. ot 


Flange-Mounted 


100 rpm.—2 to Types 
40 hp. at 1800 rpm. 11 to 740 hp. ot 
900 rpm. 


Put Trouble-Free Performance 
Into Your Equipment 


COMPARE THESE FEATURES: 


@ A type and size perfectly suited to 
your application. 


@ Year-after-year dependability, re- 
gardless of load or operating con- 
ditions. 


@ Completely machined for ease and 
speed of alignment. 


@ No lubrication required. 


@ Simple, rugged construction—few 
parts and no intricate mechanisms. 


@ Cushioned power transmission— 
load is transmitted through 
cushioning materials—no wear on 
the metal jaws. 


@ Double-life cushions—one half tue 
cushions act as idlers, excep’, on 
reversing loads—quick interchange 
provides a new set of cushions. 


@ Cushions are engineered io the load 
and service conditions. 


Ask Lovejoy to recom- 
mend the exact flexible 
coupling for your ap- 
plication. No obliga- 
tion. Request catalog. 














LOVEJOY FLEXIBLE COUPLING CO. i 


4802 WEST LAKE STREET + CHICAGO 44, ILLINOIS 
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F. Wayne Keeley, Elastomers Division, 
E. I. du Pont de Nemours & Company.* * 
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“Symposium on Polyethylene,” reprint of 
Nine Conference Papers presented at 
the AIEE Fall General Meeting, Cleve- 
land, Oct. 22-26, 1951. (AIEE Publica- 
tion No. 5-48.) 

“General Properties of the New Super- 
Polyethylenes,’ George H. Sollenberger, 
Koppers Company.+ 

“Physical, Chemical and Electrical Prop- 
erties of Marlex Ethylene Polymers,” 
R. Vernon Jones, Paul J. Boeke and 
Walter R. Clark, Phillips Chemical 
Company.t 

“Recent Developments in Polyethylene In- 
sulating Materials,” R. J. Lurie and 
J. A. Snyder, Bakelite Company. (Re- 
printed in  Bakelite’s ‘“Kabelitems,” 
No. 91, May 1956.) 


Note: 
*Presented at Symposium on Polyethy- 

lene in Wire and Cable, ATIEE Winter 
General Meeting, New York, January 22. 
1957. 

**Presented at the Fifth Annual Sympo- 
sium on Technical Progress in Wire and 
Cables, sponsored by Signal Corps Engi- 
neering Laboratories, Asbury Park, N. J.. 
December, 1956. 

+Presented at the Fourth Annual Wire 
and Cable Symposium, sponsored by the 
Signal Corps Engineering Laboratories, 
Asbury Park, N. J., December 6-8, 1955. 
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‘Why do it 
Yourself ? 





It Pays to 
Standardize on 


Jetters 
RFE: 


Choke Coils 


e You can save time, labor, and e 
e money by stocking the wide range e 
e of Jeffers R.F. choke coils just as @ 
e you do resistors, capacitors, and @ 
@ other similar components. You can ® 
® forget tedious, expensive hand ® 
® assembly from miscellaneous ® 
® forms, wires, and coatings by using ® 
® standardized jotters coils, com- ® 
. . 
@ pletely assembled for use. : 


@ Jeffers coils are well made, using @ 
® insulated copper wire windings... @ 
@ husky sccbded inekents. All windings ® 
® are soldered toleads...shorted end ® 
® turns are completely eliminated. 7 


z Put these advantages to work ine 
your circuits! Jeffers Electronics e 
offers you . . . ready for delivery e 
. a complete line of R.F. choke @ 
coils with a complete range of @ 
inductance values. Write today for ® 
our specification sheets. 


Other Jeffers Products 
fixed composition capacitors 
Other Speer Products 
for the Electronics Industry 
anodes * contacts * resistors 
discs * brushes * molded notched® coil forms @ 
battery carbon + graphite plates and rods @ 


*Patented @ 


JEFFERS ELECTRONICS 


DIVISION 
SPEER CARBON COMPANY 
Du Bois, Pennsylvania 





Other Speer Divisions: 
Speer Resistor, Speer Carbon Products, 
International Graphite & Electrode 
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SAGINAW b/b SCREWS 
are guaranteed 


90% EFFICIENT! 


Require 4/5 LESS torque than Acme Screws for same linear out- 





put on Actuator and Positioner Applications! Saves space, weight! 


WHAT IT IS AND HOW IT WORKS 


Let’s start at the begin- 
ning, with the familiar 
principle that there's far 
less friction in rolling 
than in sliding. By ap- 
plying this principle, 


Like stripes on a barber 
pole, the balls travel to- 
ward end of nut through 
spiral tunnel” formed by 
concave threads in both 
screw and mating nut. 





the Saginaw ball /bearing 
Screw radically increases 
the efficiency of rotary- 
to-linear motion (and 
vice versa). Instead of 
sliding, mating surfaces 
glide on rolling steel balls. 


SIX DESIGN 
ADVANTAGES 


1. Vital Power Savings. Permit much smaller 
motors with far less drain on electrical system, 
simpler circuitry. 


At end of trip, one or 
more tubular guides lead 
balls diagonally back 
across outside of nut to 
starting point, forming 
closed circuit through 
which balls recirculate. 





2. Space/Weight Savings. Screws themselves Utilizing the same basic gliding 
are smaller, lighter; permit smaller motors ball principle, § Saginaw has de- 


and gear boxes; eliminate auxiliary equipment ve lope -d the Saginaw b/b Spline 
required by hydraulics. which radically increases the 
3. Precise Positioning. Machine-ground type efficiency of transmitting or 
will position components far more precisely restraining high torque Ll 
than hydraulics or pneumatics: tolerances on 

position are held within .0006 in./ft. of travel. Averages 40 times lower fric- 
4. Temperature Tolerance. Normal operat- tion coefficient than sliding 
ing range from —75° to +275° F.; in selected 


materials, will function efficiently as high as 
+900° F. 


splines! 


It can be fitted with integral 
5. Lubrication Latitude. If lube fails, will gears, clutch dogs, bearing and 
still function with remarkable efficiency. Units 


have been built and qualified for operation 
without lubrication. 


sprocket seats, etc., for use 
with a wide variety of electrical 
units. Units have been built 
from 3 inches to 10 feet long— 
34 to 6 inches in diameter. 


6. Fail-Safe Performance. Far less vulner- 
able than hydraulics; Gothic-arch grooves, 
yoke deflectors and multiple circuits provide 
added assurance against failure. 





Available in custom machine-ground and stock rolled-thread types. Units have 
been built from 114 inches to 3912 feet long—*% to 10 inches in diameter. 


SEND COUPON FOR NEW 1957 ENGINEERING DATA BOOK 
or see our section in Sweet's Product Design File 


Saginaw Steering Gear Division, General Motors Corp, — > 
b/b Screw and Spline Operation 
Dept. 6M, Saginaw, Michigan 


b/b Screws and Splines to: 





NAME ___ ae 





IN naccesircrnsctiehianinseitiacicbranarnicitianes: COT 


$crews & e Sncs 


SAGINAW STEERING GEAR DIV., GENERAL MOTORS CORP., SAGINAW, MICH. 


I icin scccetsnninelaninniatiainta nian 





r 

I 

I 

l 

Please send new engineering data book on Saginaw 
I 

I 

i 

I 

I 
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pany, Midland, Michigan; Duke University, 
College of Engineering, Department of 


EG ea Ny aD Ot alee & cx Wine de Ure 6 Cont 
A any, ychemicals Dept., Wilming 98, 
Vets P , Geer Coches de Sanaes & Cow 


| pany, Engineering Dept., Wilmington, 

Dela.; Eastman Chemicals Products, Inc., 

— | Kingsport, Tenn.; The English Electric 
Se. ~, Company, Ltd., Stafford, England; Federal 
. \\ ' Telecommunication Laboratories, Nutley 10, 
Ny N. J.; General Cable Corporation, Research 
A Laboratories, Bayonne, N. J.; General Elec- 







tric Company, Chemical Development 


<i HII Dept., Pittsfield, Mass.; General Electric 
A M p H F N 0) [ a | Company, Construction Materials Division, 
Bridgeport 2, Conn.; General Electric Com- 
pany, Fort Wayne Laboratory, Specialty 
Component Motor Dept., Fort Wayne 2, 
H FR M FT | C Ind.; General Electric Company, Research 
; Laboratory, Schenectady, N. Y.; W. R. 
, = Grace & Co., Polymer Chemicals Division, 
S FA | S ‘ Clifton, N. J.; Hercules Powder Company, 
vip * ’ Wilmington, Dela.; Horizons, Incorporated, 
Cleveland 4, Ohio; The Hydro-Electric 
Power Commission of Ontario, Research 
Division, Toronto 2, Ontario. 

Also The M. W. Kellogg Company, 
7 Chemical Manufacturing Division, Jersey 
\ 4 —_ City 3, N. J.; Koppers Company, Inc., Pitts- 
f S “Sa burgh 19, Pa.; Minneapolis-Honeywell 
Regulator Company, Minneapolis 8, Minn.; 
Minnesota Mining and Manufacturing 
Company, Saint Paul 8, Minn.; Monsanto 
Chemical Company, Plastics Division, 
Springfield, Mass.; Montecatini, Milan, 
Italy; Owens-Corning Fiberglas Corp., New 
York 22, N. Y.; Pennsylvania Transformer 
Company, Canonsburg, Pa.; Phelps-Dodge 
Copper Products Corporation, Yonkers, 
N. Y.; Phillips Chemical Company, Plas- 

tics Sales Division, Bartlesville, Okla. 

Also Pirelli, Milan, Italy; Radio Cor- 
poration of America, R. C. A. Victor Div., 
Chemistry & Physics Laboratory, Camden, 
N. J.; Raytheon Manufacturing Company, 
Research Division, Waltham, Mass.; C. E. 
Richards, Elstree, Hertforshire, England; 
John A. Roebling’s Sons Corporation, Elec- 
trical Wire Division, Trenton 2, N. J.; 
Rome Cable Corporation, Rome, N. Y.; 
A. Ruelle, Milan, Italy; Signal Corps Engi- 
neering Laboratories, Electronic Parts & 
Materials Division, Components Depart- 
ment, Microwave and Electromechanical 
Branch and Materials Branch, Fort Mon- 
mouth, N. J.; Simplex Wire and Cable Co., 
Cambridge 39, Mass.; Simplex Wire and 
Cable Company, Submarine Cable Divi- 
sion, Portsmouth, N. H. 

Also Spencer Chemical Company, Kan- 
sas City 5, Mo.; The Swiss Insulating 
Works Ltd., Breitenbach, Switzerland; 
Triangle Conduit & Cable Co., Inc., New 
Brunswick, N. J.; U. S. Department of the 
Navy, Bureau of Ships, Washington 25, 
D. C.; U. S. Industrial Chemicals Co., 
National Petro-Chemicals Corporation, New 
York 16, N. Y.; U. S. Naval Ordnance 
Laboratory, White Oak, Silver Springs, 
Md.; U. S. Navy Electronics Laboratory, 
San Diego, Calif.; United States Rubber 
| Company, Bristol Plant, Bristol, R. L.; 

Vector Manufacturing Company, Houston 

23, Texas; Western Electric Company, 

New York 7, N. Y.; Westinghouse Electric 
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es, ENOL 7 | Corporation, Pittsburgh 30, Pa.; and West- 
rey pe —, | inghouse Electric Corporation, Transformer 
ileal ie Winey . | Division, Sharon, Pa. 
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Compare LEACH before you buy 


Test any Leach relay against any comparable relay on the 

market. You'll learn in your own laboratory why the aircraft, 

Y . t t ll missile and avionic industries have learned to look for the 

OUr OWN LESUIS WI prove Leach label when they’re looking for: 
seas e Resistance to greater shock and vibration 
why SO many eritical buyers e Dependability at higher temperatures 
e Space-saving design 
. h l e Outstanding reliability 
specify Leac re WYs That’s why you find designers depending more and more 
on Leach when system reliability is vital and components 
aa We_& a must not fail! 





\| | j 
i 
Screw terminals Solder terminals Plug-in 


Leach’s family of relays... offering the important advantages emphasized above 


EA : 4 Send for the latest Leach Relay 
Handbook ... your best starting point 

when selecting any relay. 

L CORPORATION | LEACH RELAY DIVISION 


5915 AVALON BLVD., LOS ANGELES 3, CALIFORNIA 





DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA 
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leading in Plastics 
since 1916... 
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Neduce insulating costs 


POLYESTER 
FIBERGLAS SHEET 





LAMINATES 


with high physical properties 


impnove 


insulating 





AICO Fiberglas reinforced Polyester laminates are 
being used by an ever increasing number of manu- 
facturers of motors, generators, transformers and 
switchgear as a replacement for paper base phenolics 
in the NEMA X X Classification. This material ideally 
suited for structural members of switchboard equip- 
ment. In each instance, product quality has been 
maintained or improved and insulation costs have 
been materially reduced. Physical characteristics of 
this AICO sheet material provides many times the arc 
resistance of paper base phenolics and also affords 
greatly increased impact strength, In addition, this ma- 
terial possesses excellent cold-punching qualities and 
it is readily fabricated, self-extinguishing types are 
available. Mail coupon for Data Sheets, Price Sheets 


and Samples of AICO Fiberglas Polyester Laminate 
Sheets Today. 





NEW FREEDOM, PA. 


Please rush me samples and prices on AICO 
Polyester Fiberglas Sheet Laminates. 


COMPANY 


ADDRESS 


L ciTy 7 STATE } 
oe om ae cee es a EE 
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High-TemperatureSolventiess 
Encapsulating Resins 


(Continued from page 143) 





other hand, have a lower power fac- 
tor at room temperature than many 
insulating resins and maintain low 
values even up to 150 C. Figure 4 
shows the change in power factor 
with temperature of a solventless sili- 
cone which had been set up for 17 hr 
at 125 C. Values are also given for 
this same sample after it had been 
cured for an additional 3 hr at 200 C. 
This more fully cured sample had a 
60 cycle value of the tan 6 at room 
temperature of 0.0007. At 150 C, it 
had risen to only 0.0028. This same 
graph shows the dielectric constant 
of this resin to be about 2.8, a value 
which changes very little with tem- 
perature. 

Change in power factor and dielec- 
tric constant with frequency is shown 
in Table II. Over the range of 60 
cycles to 18 megacycles, the change 
is very small. This property is im- 
portant in equipment operating over 
wide ranges of frequency. 

The dielectric strength of a ¥-in. 
casting of a solventless silicone is 
about 350 volts per mil, a value that 


| compares favorably with most insu- 


lating resins. When used to impreg- 
nate insulation composed of many 
layers of mica tape, the composite 
insulation, with a thickness of 20 


mils, has a value of 1000 volts per 
mil. ooo 
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Waldes Truarc grip rings used on die-cast studs 
’ eliminate threading, tapping, other costly machining 


Mark Simpson Manufacturing Co., Long Island City, 
N. Y., uses Waldes Truarc series 5555 Grip Rings to secure 
parts to studs of the zinc die-cast base of its “Masco 500” 
portable tape recorder. 

The rings—which need no grooves—replace nuts, screws, 
cotter pins and other types of fastening devices which require 
threading, tapping, drilling and other expensive machining 
operations, Because a single cracked or broken stud would 
render the entire cast base useless—and with it, all assembly 
completed to that point—the rings also eliminate extremely 
costly rejects. 


Whatever you make, there’s a Waldes Truarc Re- 
taining Ring designed to improve your product... to 
save you material, machining and labor costs. They’re 
quick and easy to assemble and disassemble, and they 
do a better job of holding parts together. Truarc rings 
are precision engineered and precision made, quality 
controlled from raw material to finished ring. 


36 functionally different types...as many as 97 


Pivot Assembly of shift lever (A) is secured by a single 
Waldes Truarc Grip Ring and washer. Because the washer 
must be installed over the shift level in a sliding fit, critical 
tolerances would have to be maintained if a screw or cotter 
pin were used. The Truarc Grip Ring eliminates that problem: 
it requires no groove and may be seated over the washer at 
any point on the stud, automatically compensating for accu- 
mulated tolerances in the parts. BRAKE ASSEMBLIES (B and C) 
use Grip Rings to secure the brake wheel and spring sub- 
assemblies. Here again problems of critical tolerances are 
avoided and expensive rejects eliminated. 





different sizes within a type...5 metal specifications 
and 14 different finishes. Truarc rings are available from 
90 stocking points throughout the U. S. A. and Canada. 


More than 30 engineering-minded factory repre- 
sentatives and 700 field men are available to you on 
call. Send us your blueprints today...let our Truarc 
engineers help you solve design, assembly and pro- 
duction problems... without obligation. 


For precision internal grooving and undercutting...Waides Truarc Grooving Tool! 


a, 


WALDES 


Ch 


WALDES KOHINOOR, INC. 
47-16 AUSTEL PLACE, L.1.C. 1, N. Y. 


> TRUARC 


RETAINING RINGS 


rm 
| 

| brings Truarc Catalog RR 9-52 up to date. 
| (Please print) 
| Name 
| Title 
| Company.. 
| 

| 


Business Address 


Waldes Kohinoor, Inc., 47-16 Austel Place, L. 1. C. 1, N.Y. 
Please send the new supplement No. 1 which 





WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries. 
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D. C. REGULATED 


Our experience in manu- 
facturing dependable DC 
power supplies may be the 
“know how” to improving 
the performance of your 
product. We have the en- 
gineering personnel and 
the facilities to furnish 
regulated power supplies 
of the saturable reactor, 


series tube, stabilizer or 
transistor types and un- 
regulated power supplies 
for either 60 cycle or 400 
cycle service. 


The specifications you 
submit will be thoroughly 
studied, suggested im- 
provements (if any) sub- 
mitted and quotation made 
on the highest quality 
units that can be produced, 
anywhere. 





Cry 


For further information write 


ACME ELECTRIC CORPORATION 
353 WATER ST. CUBA, NEW YORK 
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Selenium Rectifiers for 
High-Voltage Power Supplies 


(Continued from page 169) 


The internal resistance is: 


>, ws _8+9+1 o is = 2.5 megohms 
12 X 400 X 1.5 x 10° se X 10° 
and ripple = __> X lo? xX 1X2 = 10 X 10% — 8300 volts 





2x 400 X 15X10" 12 X 10° 


Thus, the circuit of Fig. 6 has an internal resistance 
approximately one-third that of Fig. 5, with a ripple equal 
to two-thirds the value of quadrupling circuits. 

If the same performance characteristics were to be ob- 
tained from Fig. 5 as from Fig. 6, then either the operat- 
ing frequency would have to be tripled, or the filter capaci- 
tance per stage would have to be tripled. It is difficult to 
operate high-voltage transformers at high frequencies be- 
cause of the problems of resonance due to stray capaci- 
tance and leakage reactance. Further, 400-cycle M-G sets 
are standard and low cost, whereas 1200-cycle generators 
are custom designs and hence more expensive. 

The alternative of tripling the amount of capacitance 
would increase the components costs by $1,640 (see 
Table II), thus making the components costs even less 
attractive in the tube designs. 

Another approach to analyzing the advantage of Fig. 6 
would be that, for equivalent performance, capacitance 
of one-third the value shown in Fig. 4 could be employed 
in Fig. 5 to effect additional cost savings. 

Finally, an important advantage of Fig. 6 over Fig. 4 
is that the elimination of the filament transformers enables 
the unit to be air-insulated. Figure 7 is a photograph of a 
unit rated at 0-300 kv, 5 ma, in which all of the high- 
voltage components are air-insulated, except the high- 
voltage transformer, which is contained in an oil-filled 
tank. The unit weighs approximately 600 lb, complete 
with oil. 

The tube design it superseded was housed in an oil- 
filled tank approximately 4 ft wide x 5 ft deep x 5 ft high, 
containing 700 gal of oil and weighing 7000 lb. 

The circuitry discussed in this article for voltages up 
to 300 kv is not a limiting range. Successful designs have 


been built up to 1,000,000 volts d-c. O00 
Acknowledgement 

This article is based on a paper originally presented at the 
National Electronics Conference, Chicago, 1956. 
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Explosion-proof 
vacuum unit. 


FQ 
Aircraft 


windshield 
wiper motor, 


Thoroug te 


for your motor-driven products 


Radar 
voltage 
regulator 
gear motor. ‘ 4 
The unexcelled performance of Lamb Electric Motors in 


many types of industrial, commercial and domestic products 
is evidence of their outstanding quality. 





Dependability and efficiency (optimum weight-size-horse- 
power fatio) are features that result from proper design 





Weight- ° 

coving, home and careful manufacture by personnel having many years of 

appliance experience in the small motor field. 

motor. 
May we demonstrate how Lamb Electric Motors can bring 
these advantages — and also perhaps lower costs — to your 
products? 

Fo tor- 

een lie THE LAMB ELECTRIC COMPANY «+ KENT, OHIO 

equipment. 


In Canada: Lamb Electric—Division of 
Sangamo Company Ltd.—Leaside, Ontario 


e 
If you are interested in any of the | PP? 
above motors write and we shall 
be glad to send full information. 
SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER MOTORS 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 
bars«structurals+plates+ sheets & strip 
tubing « reinforcing, etc., « also machinery & tools | 





Considerations in the Design 


| s 
| of Aluminum Foil Coils 
| (Continued from page 165) 
| 
| tried out. Fillers could not be used because their grain 


Plants at New York « Boston *Wallingford, Conn. + Philadelphia + Charlotte, size resulted in blocking the margins and preventing the 
N. C. + Cincinnati + Cleveland + Detroit + Pittsburgh » Buffalo + Chicago + | resin base from penetrating the insulating layers. The 
Milwaukee + St. Louis + Los Angeles + San Francisco + Spokane * Seattle process most appropriate to the requirements was found 








| to be a vacuum process using clear polyester-styrene 
resin (Stypol). It consists of drying the assembly, vac- 
uum impregnating and curing the coils. Arbors were 
inserted in the coils to prevent them from collapsing in 
the drying oven. During the pilot run the coils were 
pressed in order to meet the dimensional requirements 
and to obtain a good seal. Similar results were obtained 
by folding the paper edges during the winding process. 

As may be seen from the headpiece illustration the 
coils have an appearance very similar to encapsulated 
| coils. The process is however much simpler and cheaper. 
Life Expectancy. A series of coils has been sub- 
jected to accelerated life tests since early in 1955. After 
two weeks with a temperature rise of 150 C the coils 
were still in operating condition. Hardly any discoloring 
| of the impregnated paper insulation was noticeable. It 
was found that the life expectancy of these aluminum 
foil coils exceeded that of the conventional coils with 
Class A insulation and was equivalent to Class B insula- 
tion. 

Economic Considerations. From past experience it 
can be said that, including the connectors, the total ma- 
terial cost of the aluminum foil coil with vacuum im- 
pregnated paper insulation ranges between 60 and 80 
per cent of that of an equivalent copper wire coil of about 
equal resistance in the wire gages 16 to 20. The cost is 
even more in favor of the aluminum coil when heavier 
| copper wire is to be replaced. The weight of the total coil 

is about half of the copper wire coil. 

Pilot run operation carried out on a single-coil winding 
| machine resulted in labor cost three to six times that of a 
comparable copper wire coil manufactured on a produc- 
| tion machine. It was possible to cut the labor cost down 


Dress Up Your Products 
with these 


NEW 











Designed by Robert Podali 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 M. Monticello * Skokie, Ill. 
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DYRANATIC 


EDDY-CURRENT EQUIPMEMT 
The Most Accurate and Trouble-Free Method of 
Adjustable Speed Control and Testing—at Minimum Cost 


Ajusto-Spede’ Drives 

Dynamatic Ajusto-Spede® Drives supply infinitely adjustable 
speed from an AC power source—with low power losses and mini- 
mum maintenance. These air-cooled, stationary field, eddy-current 
couplings, integrally mounted with standard D-flange AC induction 
motors, provide a complete package-drive in sizes from 3 HP to 
75 HP. Units of the same design and capacities are also available 
without motors. 





Dynaspede’ Drives 


These Dynamatic liquid-cooled, adjustable speed, Eddy-Current 
Couplings, integrally mounted with standard D-flange AC induction 
motors provide a compact self-contained drive in sizes from 3 HP 
to 75 HP. Motor types available are drip proof, totally enclosed 
fan cooled, and explosion proof. The coupling is completely 
enclosed. Separately mounted couplings are also available in 
capacities from 3 to 2500 HP and larger. 





Eddy-Current Brakes 


Dynamatic Eddy-Current Brakes are available in a wide range of 
torque capacities and operating speeds. Features include smooth, 
frictionless, shock-free operation with no rotating electrical com- 
ponents or contacts. Liquid-cooled types, as illustrated, provide 
loading requirements from 40 HP to 10,000 HP. Air-cooled units 
are available in sizes up to 50 HP. 





Dynamometers 
Three types of Dynamatic Eddy-Current Dynamometers are 
available to meet various testing requirements; absorption dyna- 
mometers up to 15,000 HP; motoring or driving dynamometers 
up to 500 HP; and universal dynamometers to 500 HP and 
larger. Special purpose dynamometers are also designed for use 
in applications where requirements are unusual. 





Send for Illustrated Literature Covering these Dynamatic Units 


——— DYNAMATIC DIVISION 
AT MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE ° KENOSHA, WISCONSIN 
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to that of a copper wire coil by the development of a 
multi-coil winding machine. 
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Make both onda meet 


all your specifications 
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REX RHEOSTAT CO. 


BALDWIN .L. I. N. Y. 





Exclusive Representative and Distributor 


with ROYAL Engineered 
Cord Assemblies 


If you have special power supply cord require- 
ments, Royal can engineer the right wire, the 
right type of attachment, or the complete assem- 
bly you need . . . for power tools, appliances, or 
other electrically powered equipment. Royal 
cords and assemblies are designed to meet 
highest quality standards, to save valuable pro- 
duction time, and to perform as reliably as the 


products they serve. TOROIDAL 


Royal stock molds (caps, connectors, strain WINDING 
reliefs, etc.) are also available for molding in 
: MACHINES 


rubber, neoprene or vinyl to black or colored 
cords of our own manufacture. 


Catalog No. 5-56 illustrates our stock molds. 
Write for your copy! 


WW 
ROYAL ELECTRIC CORPORATION | Fully Automatic — Air Powered — SPEEDCRAFT 


PAWTUCKET, RHODE ISLAND | CABLE STRIPPER 


In California: ELECTRIC CORDS & SUPPLY CORP, Can be built to strip any size or length 
413 E. 3rd St., Los Angeles 13 Backed by 80 years experience 













Automatic Heat 
Control Cord, Does the 


strain relief and Job Right— 
end cap molded 


prene 

| Precision built to last a lifetime. An abundance of power at tremendous 

| speed with no damage to copper strands— easy to operate — always in 

service. No repair parts except knives ever sold. Send 3 foot sample and 
stripping specifications for full data. 


‘HARARE 


| WIRE STRIPPER CO. VaEeaNe Onis 
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When measuring high limits 


DON’T | 


turn fixed gage onto screw 


turn screw into gage with a 
conventional wrench 





turn screw into gage holding 
head by 2 fingers to insure 
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When gaging gages 


DON'T use handle on set plug 


===, when setting fixed gage 


( 





a 


DO turn plug by the shank with 2 
~—“<——"|_ fingers to insure correct torque 


check variable gage for ex- 
cessive play 


‘) 


These illustrations from new SPS booklet show some of the do’s and don'ts of gaging precision threads. 


3A threads: what they are; how to 
gage them — new SPS booklet tells all 





Threads made to Class 3A fit are the most precise in general 
use in industry. But you do not always get the 3A precision 
you specify. Because of many different gaging techniques that 
yield varying results, screws with threads well outside the Class 
3A tolerance limits often pass inspection. 


SPS has prepared a new booklet on this subject. It explains 
clearly what Class 3A threads are and the pros and cons in- 
volved in the widely varying gaging techniques in use today. It 
reviews the gaging of high and low limits of 3A threads, sam- 
pling techniques, and even the methods of gaging gages. 


All standard UNBRAKO socket screw products fall within 
specified tolerance limits no matter what method is used to gage 
them. Leading industrial distributors carry complete stocks. 
Unbrako Socket Screw Division, STANDARD PRESSED STEEL 
Co., Jenkintown 9, Pa. 
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Form 2239, “Class 3A Threads: what the) 
16 pages, with 


rite for free cop) today. 


are; how to gage them.” 


many illustrations. Vv 


Class 3A Threads 
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STANDARD PRESSED STEEL CO. 
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/V magnet has the same field energy 


N EW, high energy Indox V ceramic permanent magnets 





. as this larger conventional ceramic mag 








.. they’re 32 times stronger than conventional ceramic magnets 


Indox V — another first from the research and develop- 
ment laboratories of The Indiana Steel Products Com- 
pany — is available to magnet users immediately. This 
unique, new, magnetic material offers these important 
advantages. . 


indox V requires no critical materials. It is a highly 
oriented barium ferrite . . using inexpensive, noncritical, 
raw materials that are constantly available. Shortages 
in times of emergency cannot occur. 


Indox V requires less space, weight to do same job. 
Volume and weight comparisons show that the energy 
of Indox V far exceeds Indox I..and is comparable to 
Alnico V, the strongest permanent magnet material com- 
mercially available. 


indox V offers high resistance to demagnetization. 
Indox V magnets can be designed for applications where 
extremely high demagnetizing forces exist . . without 
irreversible losses occuring. This means it can be used 
where other types of magnets have been impractical . . 
for example, in stators of medium-size electric motors 
where electromagnets are now being used. 


JUST PUBLISHED! This two-page data sheet gives detailed 
information on new high energy Indox V. Use this coupon 
to request your copy. Ask for Bulletin 16-B3. 


Name 
Company 
City 


Zone State 








in Canada: The Indiana Steel Products Company of Canada Limited * 
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THE INDIANA STEEL PRODUCTS COMPANY * VALPARAISO, INDIANA 


.. the world’s largest manufacturer of permanent magnets 


IIIT atmos cniaiesnenedtasidtam ceases necanimaaaan Reema tai: 


ee ideal for: 


¢ D-C motors 

© Synchronous drives 

© Traveling wave tubes 

© High-fidelity loud-speakers 

© Eddy current drives 

* Tractive devices where size is important 
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DEMAGNETIZING FORCE —H —OERSTEDS 


Comparison of demagnetization and energy product curve 


for conventional Indox I ceramic magnets and the new, 
high energy Indox V magnets. 
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aaa 
MAGNETS 





Kitchener, Ontario 
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BRUSH CAPS 


Putting a voice in the man-made moon 


America’s first man-made satellite will soon be 
launched into outer space where, traveling in its own 
orbit, it will circle the earth. 

Deep inside will be sensitive electronic instruments 
which will “observe” cosmic activity and “report” find- 
ings back to us. Scientists believe that many a mystery 
of the universe may thus be solved. 

Without electrical insulation of exceptional qualities, 
such as CDF supplies, the equipment inside these man- 
made moons could never operate. 

FOR SPECIFIC INFORMATION on CDF products, see 
Sweet’s, Electronics Buyers’ Guide, and other direc- 
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tories. Then send us your print or your problem, and 
we'll return free samples and technical literature. 
CDF MAKES Dilecto Laminated Plastics « Celoron 
Molded Plastics * Micabond Mica Products + Diamond 
Vulcanized Fibre « Flexible Tapes of Teflon*, Silicone, 
and Micabond « Resin-Impregnated Spiral Tubing « 
Complete Fabrication Facilities. 


*duPont trademark for its tetrafluoroethylene resin 


,CONTINENTAL- DIAMOND FIBRE 


A SUBSIDIARY OF THE BUDD COMPANY + NEWARK 13, DELAWARE 
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DESIGNING HEAT INTO YOUR PRODUCT? 





vide to Buying 


MATERIALS e METALS e@ ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES 








Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover. 





ACTUATORS, BALL-SCREW 
Saginaw Steering Gear Div., 


General 
Motors Corp., Saginaw, Mich. 


ADHESIVES 
Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, é 


Armstrong Cork Co., 7003 Ingersol, Lan- 


caster, Pa. 

Bakelite Co., A Div. of Union Carbide & 
Carbon Corp., ag Lexington Ave., New 
York 17, N. 

Biggs Co., C. H, 2255 Barry Ave., W. 
Los Angeles 64, Calif. 

Durez Plastics Div.. Hooker Electro- 
chemical Co., 1303 Walck Rd. N. 
Tonawanda, N. Y. 


Houghton Laboratories, Inc. + 140 Houghton 
. Ave. een a. 
ins- Manville, utch Brand Products, 
“800 Woodlawn Ave., Chicago 19, TL 
Koppers Co., Inc., Chemical Div., Kop- 
pers Bidg., Pittsburgh 19, Pa. 
Minnesota Mining & Mfg Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 


ALUMINUM. See also Castings. 


aluminum Co. of Am 
Pittsburgh 19 erica, Alcoa Bldg., 


Kaiser Aluminum and Chemical Seles. Ine. 
1924 it. 


Broadway, Oakland 
Revere Copper & Brass, Inc.. 230 Park 

Ave., New York 17, N. 
Reynolds Metals Co., 2500 8S. Third, 


Louisville 1, 


AMMETERS. See Instruments. 


AMPLIFIERS, ee 
Aerovox Corp., 
Bristol Co., Wwaterbers 20, Conn. 
General Biecerie Cn, Apparatus Sales Div., 
Gu'ton Mfg. Gorp., Gulton Industries, 
a ae. SES Durham Ave., Met a. 
Lea . 
 Chiton, a ne., 1378 Main’ Ave., 
ach Relay Div., Leach -» 5915 
Avalon Blvd., Los Angeles oCante 


Librascope, Inc., 808 W - 
witle, 2 Calif. acnquame Regione 
agnetic Amplifiers, Inc., 632 Ti 
Ave., New York 55, N. Y. _— 


Magnetics, Inc., Dept EM-82, Butler, Pa. 
Minneapolis- Honeywell Regulator Co., Bos- 
ton Div., 1400 Soldiers Field Rd., Bos- 


_ton 35, Mass. 
Nothelfer Winding Laboratories. P 
gx 5 wy 101 neemeen N. J 
Sanborn ustril pe.. bore 
“ Ave., Cambridge 39, Mass. iets 
ervospeed Co., Div. of Electro- Devices, 
Ine., 4 Godwin Ave Paterson 1, N. J. 
Southwestern Industrial Electronics Co., 
2831 Post Oak Rd, P.O. Bor 13058, 


Houston, Texas. 
Transicoil Corp., Germantown Pike & 
Quarryball Rd., Fairview Village, Pa. 
United Transformer Co., 150 Varick, New 

Vickers Inc., 


York 13, N 
1803 
Louis 3, Mo. 


Electric Div., 
el a, St. 
estinghouse Electric Corp., Gateway Cen- 
ter Bidg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30 Pa. 
Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave.. Newark 5, N. J. 


ANODES, PLATING 


American Brass Co., Waterbury 20, Conn. 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, J. 

“er & Co., 118 Astor, Newark 5, 


Chase Brass & Copper Co., 
Conn. 


General Plate Div., Metals and Controls 
Corp., 1908 Forest, Attleboro, Mass. 
(Silver, Gold) 

Handy & Harman, 82 Fulton, New York 


Inc., 


Waterbury 20, 


38, N. Y. (Silver, Gold) 

Hussey & Co., C. G., Pittsburgh 19, Pa. 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, 1 4 

Seymour Manufacturing Co., Seymour, 
onn. 


ASBESTOS SLEEVING. See Sleeving and 
Tape, Asbestos. 


AUTOMATION EQUIPMENT 
Stromberg-Carlson, A Div. of 
Dynamics Corp., 117 
Rochester 3, N. Y. 


General 
Carlson Rd., 


BALANCING MACHINES 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, . we 

Micro Balancing, Inc., punts Rd., 

Garden City Park, 

Westinghouse Electric Corp.. Gateway Cen- 

ter, Bi No. 8, 401 Liberty Ave., 

Pittsburgh 30, Pa. 


BALLS, BEARING 


Hoover Ball & Bearing Div., Hoover Co., 
326 E. Hoover, Ann Arbor, Mich. 

= Industries, Inc., Philadelphia 32, 
Pa. 


BATTERIES, DRY 


a % Co., Inc., P. R. Indianapolis 

National Carbon Co., Ine., A Div. of 
Union Carbige & Carbon Corp., 30 E. 
42nd. New York 17. N. Y, 

Radio Corp. of America, Tube Div., 


Har- 
rison, N. J. 


BATTERY ELIMINATORS. See 
Supply Units; Rectifiers. 
BEARINGS, BABBITT 


Ryerson & Son, Inc. Joseph T., Chicago 
80, 


Power 


BEARINGS, BALL (Miniature) 


New Departure Div. of General Motors 
Corp., Bristol, Conn. 
New Hampshire Ball Bearings, Inc., Peter- 


borough, N. H. 
U. 8S. Gasket Co., Camden 1, N. J 


BEARINGS, BALL ont ROLLER 


(Radial and Thrust 
Hoover Ball & ame Div., Hoover Co., 
326 E. Hoover, Ann Arbor, Mich. 


New Departure Div. of 
Corp., Bristol, Conn. 

Niee Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa. 

SKF Industries, Inc., Philadelphia 32, Pa. 


General Motors 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 


Aneioe Div. of Chrysler Corp., Detroit 

1 ich 

Graphite Metalizing Corp., 1059 Nepper- 
han Ave., Yonkers 3, N. Y. (Oilless, 
Self-lubricating) 


Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Il. 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich. 


BEARINGS and BUSHINGS, METAL 


(Brass, Bronze, Steel Ete.) 
Amplex Div. of Chrysler Corp., Detroit 
31, Mich. 
Chase Brass & Copper Co., Waterbury 20, 
Con 
Inc., P. R., Indianapolis 


Mallory & Co., 
Ind. 


v wited States Graphite Co., 
Saginaw 8, Mich. 


1621 Holland, 


BEARINGS and BUSHINGS, 
NON-METALLIC 
General Electric Co., 

Decatur, Ill. 
National Carbon Co., Inc., A Div. of Yu nion 
Carbide & Carbon Corp., 30 E. 42nd, 
New York 17, N. Y 


Plastics Dept.. 


National Vulcanized Fibre Co., Wilming- 
ton 99, Del 
Radio Cores, Inc., 9540 Tulley Ave., Oak 


Lawn, I 


Nl. 
—ooe Co., 2799 Lake, Melrose Park, 


Ryerson & Son, Inc., Joseph T., Chicago 
80, Ill. 

Spaulding Fibre Co., Inc., Tonawanda, 
N 

Westinghouse Electric Corp., Gateway 


Center Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


BELLS 

Stromberg-Carlson, A Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N. Y. 

Wheelock Signals, Inc., 273 Branchport 
Ave., Long Branch, N. J. 


BELT DRIVES. See Drives, Belt. 
BENDERS, BRAKE and SHEARS 


ee & Son, Inc., Joseph T., Chicago 80, 
BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 


a Co., Inc., P. R., Indianapolis 
Penn Precision Products, Inc., 501 Crescent 

Ave., Reading, Pa. ((Strip) 
. K. Porter 


Riverside Metal Co., Div. H 
Co., Inc., Riverside, N. J. 


BIMETALS. See Thermostatic Bimetals. 


BITS, SCREW and BOLT. See Socket 
Screw Keys and Wrenches. 


BLADES, FAN 
Torrington Manufacturing Ce., Torrington, 


BLOCKS, PILLOW 
SKF Industries, Ine., Philadelphia $2, Pa. 


BLOCKS, TERMINAL. See Strips, Blocks 
and Boards, Terminal. 


BLOWERS. See Fans and Blowers 


BOLTS. See Fasteners. 


BOXES METAL. See Sheet Metal Fabri- 
cators. 


BRAKES, BENDING. See Benders, Brake 
and Shears. 

BRAKES, MAGNETIC 

Eaton Mfg. Co., Dynamatic Div., Ken- 
osha, Wis. 

Stearns Electric Cue. 120 N. Broadway, 
Milwaukee 2, 

Warner Ey Brake &- Clutch Co., 

"Beloit. Wis. 

BRASS, BRONZE and COPPER (All 


Commercial Forms) For Wire, see Wire 
and Cable, Bare. 


American Brass Company, Waterbury 20, 
Conn. (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys) 

American Nickeloid Co., Peru 3, Ill. (Pre- 
Finished Brass and Copper Sheet and 


Strip) 
ms Brass & Copper Co., Waterbury 20, 
Driver Co., wee B., 150 Riverside Ave., 


Newark 4, N. J. 

Hussey & Co., o” G., Pittsburgh 19, Pa. 

Iisco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio (Copper Tubing) 

Revere Copper _& Brass, Inc., 230 Park 
Ave., New York 17, 

Somers Brass Co., Inc., 110 Baldwin Ave., 
Waterbury, Conn. (Strip) 


BRAZING ALLOYS, SILVER 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J. 

al * Co., Inc., 113 Astor, Newark 5, 


Chase Brass & Copper Co., Waterbury 20, 
Conn, 

General Plate Div., 
Corp., 1903 Forest, 

Heed ‘& ee 


Metals and Controls 
Attleboro, Mass. 
82 Fulton, New York 


Mallory ‘& Co., Inc., P. R., Indianapolis 

6, Ind 

Ney Co., J. M.. P.O. Box 990, Hartford 1 
Conn 


BRONZE. See Brass, Bronze and Copper: 
Phosphor Bronze. 


BRUSH CAPS 
Phoenix Electric Mfg. 
Chicago 24, Ill. 
Triple “M _ Electranents Div., 
Molding & Mfg. 


Co., 4211 W. Lake. 


Midwest 
Co., Gurnee 96, Ill 


BRUSHES: CARBON, GRAPHITE, 
METAL-GRAPHITE 


Graphite Metallizing Corp., 1059 Nepper 
han Ave., a 3, 4 Y. 

National Carbon Inc., A Div. # 
Union Carbide & 5 taken” Corp., 30 E. 
42nd, New York 17. N. 

Seip Barve on at tins "be 

si e Car oe arys, 

United States Graphite Co., 1621 Holland. 
Saginaw 8, Mich, 


Westinghouse Electric Corp., Gateway Cen- 

3 — x 3, 401 Liberty Ave. 
ttsbur; , Pa. 

Wilson Co. H, A., Route 22, Union, N. J 


BRUSH HOLDERS. See Holders. 
Commutator Brush. 


BUSHINGS 
Bearing. See Bearings and Bushings 
See Plastics-Molders. 

Fibre. See Fibre, Vulcanized. 
Glass. See Glass, Technical. 
Hermetic Seal. See Seals and Terminals 


Mica. 
Peresiale. See Ceramics. 
. See Rubber and Rubber Prod 


CABINETS, SHEET METAL. See Sheet 
Metal Fabricators. 


CABLE. See Wire and Cable. 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies, Wire 


CAMBRIC, VARNISHED. See Fabrice 
Insulating. 


CAPACITORS 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 
Aerovox ., New Bedford, Mass. 
Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis 
Astron Corp., 231 Grant Ave., 
N. J 


Centralab, Div. of 
962C E. Keefe Ave., 

Cornell- paler 
Plainfi 


East New- 


Globe-Union Ince., 
Milwaukee 1, Wis. 
Electric Corp., South 


Corning Glass Works, Technical Products 

Diy., Corning, N. ¥. (Metallized Glass) 
Bitel-McCullough, a , San Bruno, Calif 
Erie Resistor , Electronics Div., Erie 


Pa. 

Fansteel Metallurgical Corp., North Chi 

cago, Ill, (Tantalum) 

Film Capacitors, Inc., 3400 Park Ave., 
York 56, » 4 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. 

Glenco Corp., Gulton Industries, Inc., 219 
Durham Ave., Metuchen 

Co., 340 West ‘Huron, Chicago 


New 


10, I 

Johnson Co., E. F., 2831 Second Ave.. 
8S. W., Waseca, Minn. 

a Co., Ine., P. R., Indianapolis 


6 
Master Appliance Mfg. Co., Regine 2, Wis 


Plastic Copeminers, Inc., 2620 N. Clybourr 
Ave., Chicago 14, Ill. 
Potter Co. , 1950 Sheridan Rd., North Chi 


cago, . 

Radio Condenser Co., 
Camden 3. N. J 
Sangamo Electric Co., Electronic Compo- 

nents Div.. Springfield. Ill. 
Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 
Stackpole Carbon Co., St. Marys, Pa. 
Texas Instruments Incorporated, 6000 Lem 


Davis & Copewood. 


mon Ave., Dallas 9, Texas. 
WacLine, Inc., 35 S. St. Clair, Dayton 2 
Ohio 


CAPS and PLUGS, PROTECTIVE 


Protective Closures Co., Inc., CaPlugs Div 
2201-8 Elmwood Ave., Buffalo 23, N. Y 


CARBON and GRAPHITE: 
Electrodes, Anodes, 
ar Plates, 


(Contacts. 

Bearings, Dises. 

Plungers, Rings, Seals. 

Erie Resistor Corp., Electronics Div., Erte 
Pa. 

General Ceramics Corp., Keasbey, N. J. 

Graphite Metallizing Corp., 1059 Nepper 
han Ave., Yonkers 8, N. Y. 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland 
Saginaw, Mich. 


CASTINGS, ALUMINUM and 
MAGNESIUM. See also Castings, Die 

Aluminum Co. of America, Alcoa Bldg. 
Pittsburgh 19, Pa. 

Twin City Die Casting Co., 33rd & Ts! 
mage Ave., 8.E., Minneapolis, Minn. 


CASTINGS, BRASS, a COPPER 


Philadelphia Bronze & # Corp., Sub. 
R. Mallory & Co., ae 22nd and 
Master, Philadelphia 21, Pa. 
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CASTINGS, DIE. 


CIRCUIT BREAKERS 








DESIGNING HEAT INTO YOUR PRODUCT? 


General Electric Metal-sheath Heaters 
Save Time in Both Production and Design 


HEATING LIQUIDS 












ce ? = 


DISHWASHER MAKER CHOSE screw- DIRECT CONTACT WITH LIQUID over entire SIMPLE ELECTRICAL CONNEC- 
in type G-E immersion heater from heating surface provides fast heat-up and TIONS, after heater is screwed 
wide variety available. Threaded minimizes heat-transfer losses. Thermostat is into place, complete installation. 
fitting speeds installation. easily installed for temperature control. Assembly is fast, easy. 


HEATING SURFACES 


ae 


ci 





sad 


EASILY FORMED WITHOUT BREAK- STURDY METAL SHEATH permits casting 3 LONG LIFE comes from com- 
ING ... this is reason why General heaters right into die body—without pro- bining quality die work with 
Electric tubular heaters are choice duction headaches. Result is dependable, dependable G-E heaters. Users 
of branding-iron manufacturer. even heating of entire die surface. report up to 12 years life. 


i 
7 









HEATING PROCESS AIR 
pa 


r 





. 





eee Fs Stu Birk 


| LARGE RADIATING SURFACE per 2 COMPLETELY ENCLOSED heating element of 


a nsisiaiad 


PRE-FORMING TO YOUR SPECS 


unit length of G-E finned tubular General Electric finned heaters is protected reduces on-site fabrication time 
heaters allows maximum air circu- from dust in the air stream, eliminating and costs, and helps solve 
lation in forced-convection heating. trouble from short circuits. problems of installation. 


HANDY SELECTOR GUIDES Mail to Section G723-11, General Electric Company, Schenectady 5, N. Y. 


CIGEA-6113 Handy Selector Guide for Metal Melting 
LIGEA-6146 Handy Selector Guide for Surface Heating 

Learn how to pick the right G-E heater for your job. CIGEA-6305 Handy Selector Guide for Water, Alkaline or Plating Baths 
CIGEA -6306 Handy Selector Guide for Heating Oil 


NAME [11957 Catalog of Heaters and Devices 


For more information, contact your local G-E Apparatus Sales Office 
doa tiene nisin bndcabdedivenenunes tkaneasiicantens 
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CASTINGS, DIE. CIRCUIT BREAKERS 





s i Aleniown So, pmattes, Alcoa Bldg Aten Bate _O Co., 1316 S. Second, Mil- 
i ttsbur, waukee 4, 
iat | agus aT Sealing | Doehler-Jervis Div. of National Lead Co. Allis-Chalmers, Milwaukee 1, Wis. 
Gries "R “ oe c 149 Beechwood fra Tenens aa re “i N 5085 N. 
Md efe . | ries eproducer Orp., e le merica. 
assures Maximum Stability in Ave., New Mochelle. N.Y. (Zine) Biston. Ave. Chicago 60. fi 


Hoover Co., Die Casting Div., North Fasco Industries, Inc., Rochester 2, N. Y. 
Canton, Ohio General Electric Co., Apparatus Sales Div.. 
Laminations Co., Box 13, 300 Main, Stam Schenectady 5, N. 
ford, Conn. Heinemann ee : 99 Plum, Tren- 
Madison- Kipp Corp., 201 Waubesa, Madi ton 2, N. J 
son 4, W Mechanical Products, Inc., Jackson, Mich. 
Mt. Vernon Die Casting Corp., Stamford eee Corp., Dept. EM2, Glen Cove, 
Conn 
New Jersey Zine Co., 160 Front, New Pyle-National Co., 1388 N. Kostner Ave., 
York 38, N. Y¥. (Zine Die Casting Al- Chicago 51, Ill. 
loys) Spencer Thermostat Div., Metals & Con- 
a Die Costing. 4 a Stewart ols Corp., 3603 Forest, Attleboro, 
Varner Corp., ° orton Ave., 
a 39. i Square _D R o* N. Richards, Milwau- 
n City Die Cagting Co., 38rd & Tal- 06 ° 
mage Ave., S.E., Minneapolis, Minn. Westinghouse Electric Corp., Gateway 
= Center Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


AMPERITE 


RELAYS and REGULATORS 


Simplest » Most Compact * Most Economical ibis atin 


Allis-Chalmers, Milwaukee 1, Wis. CIRCUIT STRUCTURES, ELECTRONIC 
International Nickel Co., Inc., 67 Wall 


New York 5, N. ¥. (Nickel and Alloys) Veer iy ae San Fernande 





CASTINGS, LEAD 
Twin City Dig Canine Co. 88rd & Tal qrnowive, arenes. pewures. ETC. 
m. nneapolis, Minn erovox Corp., ow Bedf . Mass. 
ee Alden — Co., 117 N. Main, Brock- 
ton, asa 


* 
Thermostatic 
CASTINGS, STEEL American Lava Corp., Chattanooga 5, Tenn. 


Lebanon Steel Foundry, 82 Lehman, Contralab, Div, of Globe-Unien, Ine. 


2 to } 80 Seconds Lebanon, Pa $62B EH. Keefe Ave., Milwaukee 1, Wis. 


= Resistor Corp., Electronics Div., Erie 
a. 
CATHODE RAY TUBES. See Tubes, Mycalex Cup. America, Clifton Blva 


Cathode Ray. . N. Jd. 
ao ee. $ America, Tube Div 
son, N. 
p CEMENT, INSULATING and SEALING Sprague Higetric Co.. 307 Marshall. North 
@ Hermetically sealed Not af- Bakelite Co., A Div. of Union Carbide & Adams, 
fected by altitude, moisture, —— Corp.» 420 Lexington Ave., New U. 8. Gasket *o., Camden 1, N. J. 
i or Se 
or other climate changes. Biggs, Co., C. H., 2255 Barry Ave., W. 
@ Circuits: SPST only — nor 


Los Angeles 64, Calif. 
mally open or normally Communication Products Co., ins. Mar!- 


@ Actuated by a heater, they 
operate on AC., D.C., or 
Pulsating Current. 


CLAMPS and CLIPS, GROUND ane 
TEST 


boro (Monmouth County), N. J. 
closed. | du Pont de Nemours & Co., (Inc.), F. 1. nw Corp., Omaton Div., Norwalk. 
Amperite Thermostatic Delay Plastics Div., Polychemicals Dept 


Wilmington 98° Del ** isco Corp., 5745 Mariemont Ave, Cip- 


Durez Plastics Div.. Hooker Electrochem- cinnati 37, 


Relays are compensated for Ohio 
feal Co., 1303 Walck Rd., N. Tons- “uglier Hletrie Co. 160W B Sim 


MINIATURE ambient temperature changes 





from —55° to +70°C. Heaters wands, N. ¥. Cleveland 14, Ohio 
consume approximately 2 W. and may be | General Electric Co., Plastics Dept., — es ch, BB. Gee 
STANDARD operated continuously. The units qre poost — ee Dutch Brand Products, Thomas & Betts Co.. Inc., 28 Butler 
compact, rugged, explosion-proof, long- Se , : Blizabeth 1, N. J. 
PROBLEM? Send for lived, and — very inexpensive! ¢ ae Mite Tae. Nid-t90 Both, |S oo 
Bulletin No. TR-81 re aesaen Radio Octal, and 9-Pin |} lyn 82, N. Y. CLAMPS and CLIPS, SUPPORT 
: Holub Industries, Inc., 445 Elm, Syca- 
Also — Amperite Differential Relays: Used for auto- more, Ill. 
matic anee under-voltage or siaraemaae rotection saeaee Weckesser Co., 5256 N. Avondale Ave.. 
. ? 9 P : Standard & Special Chicago 30, Til. 
| Refractory a {B) 
ferite (D) har Mills, Inc., 112-180 26th, Breos 
| Zircon elain (E) ee. ; x Ze 
Steatite (Lava) (F) 


Amperite Regulators are designed to keep the current in a circuit | ‘Titanates (G) 
automatically regulated at a definite value (for example, 0.5 amp.) Coment- Asbestos (H) 


Ferri 
. For currents of 60 ma. to 5 amps. Operate on A.C. D.C.. Pul- ae - 


. Akron Porcelain Co., 2725 Cory Ave., 
te sating Current. Akron 14, Ohio (4B) 


° . bb 
American Lava Corp., Chatt 5.7 , ae, Seemariee See Fabrics 


CLIPS, SNAP. See Rings, Retainer and 
Snap. 








Write for 4-page Bulletin No. AB-51 


AMPERITE CO., Inc. 
561 Broadway, New York 12, N.Y 
Telephone: CAnal 6-1446 


in Canada: Atlas Radio Corp., Ltd. 
50 Wingold Avenue, Toronto 10, Ontario 





Hermetically sealed, they are not 
affected by changes in altitude, 
ambient temperature (— 55° t 

+90° C.), or humidity. Rugged, 
light, compact, most inexpensive. 


VOLTAGE OF 24V ' WITH AMPERITE 
BATTERY 6 CHARGER! VOLTAGE VARIES 
VARIES APPROX , ONLY 


50% | 2% 


BATTERY VOLTAGE 










Brush Electronics Corp., — Perkins 
Ave., Cleveland 14, Ohio (G 

Centraiab, Div. of Globe- Union, Inc., 
— B. Keefe Ave., Milwaukee 1, Wis. 

) 

Ceramic Spectalties Co., 444 W. 6th, Bast 
Liverpool, Ohio (ABCF) 

Colonial Insulator Co., 937 Grant, Akron 
11. Ohio (ABC) 

Erie Resistor Corp., Erie, Pa. (G) 

General Ceramics Corp., Keasbey, N. J 
(BEFT) 

Knox Porcelain Corp., Knoxville 1, Tenn. 
(ABC) 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. (Glass Bonded Mica) 

New Jersey Porcelain Co., New York Ave. 
& Plum, Trenton 5, N. J. (ABF) 

Pass & Seymour. i) Solvay Station, 


Syra 4 
Porcelain Products, Inc., West Sandusky, 
Findlay, Ohio 


Michentoen Co., 2799 Lake, Melrose Park, 


Rostone Corp., 123 S. Earl Ave., Lafayette, 
d. 


Ind. 

Square D Co., 6060 Rivard, Detroit 11, 
Mich. (A) 

Stackpole Carbon Co., St. Marys, Pa 

Star Porcelain Co.. 41 Muirhead Ave., 
Trenton 9, N. J. (BF) 

Universal Clay Products Co., 1540 E. 
First, Sandusky, Ohio (A) 

Wisconsin Porcelain Co., 122 Lincoln, Sun 
Prairie, Wis. (ABF) 


CHAMBERS, TEST 


American Research Corp., 11 Brook, Bris- 
tol, Conn, 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. 


CHARGERS, MAGNET. See Magnetizers 
and Demagnetizers 


CLOTH TRACING. See Tracing Clom 
Film and Paper. 


CLUTCHES, ELECTRIC 


Carlyle, Johnson Machine Co., Manchester, 
Conn, 

Eaton Mfg. Co., Dynamatie Div., Kea- 
osha, Wis. 

Formsprag Co., 23605 Hoover Bd, Var 


ectric Corp., 120 N. Broadway 
Milwaukee 2, Wis. 
Vickers Electric Div., Vickers Inc.. 1803 
Locust, St. Louis 3, Mo. 
Warner Electric Brake & Clutch Co., 
Beloit, Wis 


COAXIAL CABLE. See Wire and Cable. 
Insulated. 


COIL CORES and FORMS 


Alden Products Co., 117 N. Main, Breck- 
ton, Mass. 
——- Lava Corp., Chattanooga 5. 


Ten 

Cambridge Thermionic Corp., 453 Coa- 
cord Ave., Cambridge 38, Mass. 

Cleveland Container Co., 6201 Barbertes 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre Div. of The 
Budd Co., Ine., Newark 13, iL. 

Cosmo Plastics Co., 8239 W. 14th, Cleve- 
land 9, Ohio 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 
Hycor Div. of International Resistance Co.. 
12970 Bradley Ave., Sylmar 10, Calif. 
Mycalex Corp. of America, Clifton Blvd.. 
Clifton, N. J. 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del. 

Orange Products Inc., 554 Mitchell, Orange, 
N, J. 


Paramount Paper Tube G.. 612 Lafay- 






Individual inspection 
and double-checking 
assures top quality 
of Amperite products. 






| CHOPPERS, ELECTRONIC Radie Cores, Inc., 9540 trulley Ave., Oak 
Graphite Metallizing Corp., 4oee Nepper- Lawn, IL 


han Ave., Yonkers 3, N. Resinite Corp., Div. ef Presision _— 
Oak Mfg. Co., 1258 Clybourn Ave., Chi- Tube Co., 5980 North Central 





cago 10, NL Chicago 46, TL 
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e pe ° | Stackpole Carbon Co., St. Marys, Ps Buggie, Inc., H. H., P.O. Box 817, Mili 
(Screw-type, Molded Iron) t , Oh 
LCDAS A Cc Al Specialists in U. 8. Gasket Co., Camden 1, N. J — ” 



















USS Electrical Steel News 


Star-Kimble Motors reports: 
Less scrap, faster production with 
continuous coils of USS Electrical Steels 





Rotor and stator 


over to the use of continuous, cold-reduced coils. To 


° : meet this growing demand, United States Steel is 
laminations all made expanding its coil-producing facilities. In addition, 
our continuing research and development will assure 

from cold-reduced stock further improvement of these already fine steels. 


Send the coupon for complete technical informa- 
tion on electrical steel. 
Star-Kimble Motor Division of Miehle Printing 
Press Manufacturing Company, Bloomfield, New 
Jersey, uses cold-reduced continuous coils of USS 
Electrical Steels in rotor and stator laminations of 
its electric motors. Here are their chief reasons: 

“Continuous coils of cold-reduced USS Electrical 
Steels give us higher production and smoother oper- 
ation than cut length sheets. And they cut scrap loss 
due to partial stampings way down.” 

Benefits like these are leading more and more 
manufacturers of motors and transformers to switch 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 


UNITED STATES STEEL SUPPLY DIVISION, 
WAREHOUSE DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 











GET COMPLETE INFORMATION— MAIL THIS COUPON 
| United States Steel 
| Room 5601. 525 William Penn Place 
| Pittsburgh 30, Pa. 
| Send my free copy of the new Fourth Edition of ‘‘USS 
| Electrical Steel Sheets’’ which contains detailed curves 
| and data on magnetic and physical properties of the 
individual grades. F 
| eae oe. ae eee 
: , 
| eoece eee eee e ees eseeeeeeeeeseeeseesresseeeseseeseSeeeSeeHeeeseeeeseesee Ss 
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HERMASEAL 


——Hermaseal 


CALL US ON STANDARD 
AND SPECIAL TERMINALS. 


——Hermaseal 


... A successful pioneer since 
1943 in glass-to-metal seals, 
compression 
steel) and matched (Kovar), 
to meet your needs. 


Hermaseal NOVAL 
Bracket Assembly. 


—Hermaseal 


. with its expert engineer- 
ing staff and the latest in pro- 
duction equipment is ready 
to serve you. 


Hermaseal 10M _ Volt 


For further information, 
phone 2-3773 or write: 





Specialists in 
Glass-to-Metal Seals! 




















Hermaseal OCTAL Plug > 
(cold rolled 
Header and . 
TERMINAL e 
THE HERMASEAL COMPANY, INC. 





1010 N. Main, Elkhart, Indiana 





ey Te Pa olti 11> Mela] c-| 2 a 
trouble-free performance in 
timing, mixing, compounding, 
processing and similar operations! 


control, limit switch, etc. 


Request bulletin. 
See classified telephone directory 
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Sound, practical design, quality components and 
precision-controlled assembly insure the long-lasting 
dependability of ZENITH Multi-Circuit Timers. 
They are specified as standard components in 
countless commercial and industrial applications, 
as well as laboratory equipment and home appliances. 
Can be supplied in practically any time cycle 
and with any number of switches. Available 
without synchronous motor for elevator 


IMMEDIATE DELIVERY IN ANY QUANTITY... 


for name of local distributor 















CHICAGO 10, ILL. 


Stackpole Carbon Co., St. Marys, Ps 
(Screw-type, Molded Iron) 
U. 8S. Gasket Co., Camden 1, N. J 
COILS and WINDINGS 
Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, 
Aqcereen Controls, Inc.. 2777 Mannheim 
Rd., Des Plaines, Ill. 
Caledonia Electronics & Transformer Corp 
-11, Caledonia, N. Y. 
Cambridge Thermionic Corp., 453 Concorc 


Ave., nates ~ Mass. 
Comar Electric 3349 W. Addison 


Chicago 18, im 
Corning Glass Works, Techateal Products 


Div., Corning. Y. (Glass Inductance) 
Coto-Coil Co., = Ps Pavilion Ave. 
Providence 5, R. I. 


Dano Electric Co., 98 Main, Winsted, Conn 
= Coils, Inc., 1800 First, Wabash. 


Dormeyer Industries, 8414 Milwaukee Ave., 
Chicago. Ill. 


al Telephone and Radio Co., Div. of 
International Telephone ond. noe! ‘apb 
Corp., 100 Kingsland Rd., ton, Nd 
General Electric Co., pe Bales 
Div., Schenectady 5, N. Y. 
Gries "Reproducer Corp, “149 Beechwood 
Ave., New Rochelle, N. 


Master Appliance Mfg. Co.. aes 2, Wis 


Nothelfer_ Winding Laboratories, P. 0. 
Box 455, Dept. 101, Trenton, N. J. 
a Corp. $f America, Tube Div., Har 
Standard Electrical Products Co., 2240 
E. Third, Dayton 8, Ohio 

Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. 

Universal Manufacturing Co., Inc., 418 


Hillside Ave., Hillside, N. J 


COIL WINDING MACHINES 
Boesch Manufacturing Co., Inc., Danbury 
Oyster Bay 


Fort Wayne Tool, Die & Engineering Co., 
1025 Goshen Rd., Fort Wayne, Ind. 


‘enn. 
Coil Winding Equipment Co., 
N. Y¥. 


Rex Rheostat Co., Baldwin, N. Y¥ 

Stevens Mfg. .. George, 6022 N 
Rogers Ave., Chicago 30, Ill. 

Universal Manufacturing Co., Inc., 418 
Hillside Ave., Hillside, x 


Universal Winding ae 


P.O. Box 1605 
Providence 1, R. 


COLD HEADED PARTS. Bee Fasteners 


COMMUTATORS 

Electro Tec Corp., 4 Romanelli, South 
Hackensack, N. 

Kirkwood Commutator Co., 4855 W. 180th, 


Cleveland 11, Ohio 

Nippert Electric Products Co., 1759 W. 
Mound, Columbus 23, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich. 

Triple “‘M’’ Electronents Div., Midwest 
Molding & Mfg. Co., Gurnee 96, Ill. 
Westinghouse Electric Corp., Gateway Cen- 
ter Bldg. No. 8, 401 Liberty Ave., 

Pittsburgh 22, Pa. 


COMMUTATOR SAWS and SLOTTERS 


Holub Industries, Inc., 445 Elm, Syca- 
more, 
Ideal Industries, Inc., 1008 Park Ave., 


Sycamore, Ill. 


COMPARATORS, OPTICAL 
Eastman Kodak Co., Rochester 4, N. Y. 


COMPOUNDS, SEALING. See Cement, 
Insulating and Sealing; also Waxes and 
Compounds. 


COMPOUNDS, VARNISH. See Varnishes, 
Compounds and Resins, Insulating. 


COMPUTER COMPONENTS 


Airpax Products Co., Middle River, Balti- 
more 20, Md. 


Computer Control Co., Inc., 92 Broad, 
Wellesley 57, Mass. 

Erie Electro-Mechanical Div., Erie Resis- 
tor Corp., Erie 6, P 


‘a. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. 

Giannini & Co., Inc., G. M., Pasadena i; 
alif. 

Gulton Mfg. Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N J. 

Minneapolis-Honeywell Regulator Co., 
Boston Div., 1400 Soldiers Field Rd., 
Boston 35, Mass. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 


Appleton Electric Co., 1723 Wellington 
Ave., Chicago 13, Ill. 

Buchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N. J. 


Crouse-Hinds Co., Syracuse 1, N. Y. 
Ideal-Simplet Fittings, Inc., Sub. of Ideal 
Industries. Inc., 1008 Park Ave., Syca- 


more Ill. 
Pyle-National Co., 1388 N. Kostner Ave., 


Chicago 51, Tl. 


CONNECTORS, PRINTED CIRCUIT 


Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 54, Ill. 


Buggie, Inc., H. H., 
bury, Ohio 


P.O. Box 817, Mili 


CONNECTORS, WIRE and CABLE 

AMP Incorporated, 2100 Paxton, Harris 
burg, Pa. 

Alden Products Co., 117 N. Main, Brock 
ton, Mass. 

American Brass Co.. Waterbury 20, Conn 

Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 54, Ill 


Bendix Aviation Corp., Scintilla Div., Sid- 
ney, N. ¥Y. 

Buchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N. J. 

Burndy Corp., Omaton Div., Norwalk. 
Conn. 

Cannon Electric Co., 3209 


Dept. 500, 
Humboldt, Los Angeles $1, Calif. 
Crouse-Hinds Co., Syracuse i, N. ¥. 
General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 
Gulton Mfg. ., Gulton Industries. 
Inc., 212 Durham Ave., Metuchen, N. J 
Holub ee Inc., "$45 Elm, Syca 
more, Il. 
Hubbell, Inc., Harvey, Bridgeport, Conn 
Ideal Industries, Inc., 1008 Park Ave.. 


Sycamore, II. 
5745 Mariemont Ave., Cin- 


Iisco Corp., 
Brand Products. 


cinnati 27, Ohio 
Johns-Manville, Dutch 
Chicago 19, Ill. 
2381 Second Ave. 


7800 Woodlawn Ave., 
Johnson Co., E. F., 
S.W., Waseca, Minn 
Krueger & Hudepohl.. "1041 Evans, Cin 
cinnati 4, Ohio 
Pass & Seymour, Inc., Solvay Station 
Syracuse 9, N. Y 


Pyle-National Co., 1388 N. Kostner Ave.. 
Chicago 51, Ml. 

Sherman Manufacturing Co., H. B., 
Battle Creek, Mich. 

Switcheraft, Inc., 1828 N. Halsted, Chi 
cago 22, 

Thomas & Betts Co., Inc., 28 Butler 


Elizabeth 1, N. J. 


CONTACTORS, MAGNETIC. See Relays 
and Contactors. 


CONTACTS and CONTACT POINTS 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J. 

— ; Co., Inc., 113 Astor, Newark 5 


Brainin Co., C. S., 318 Washington, Mt 


Vernon, N. 

Deringer Metallurgical ger. $129 Mont)! 
cello Ave., Skokie, 

Eitel-McCullough, Ine., "le Bruno, Calif 


Fansteel Metallurgical Corp., North Chi- 


cago, 
General Plate Biv., Metals and Controls 
Corp., 1903 Forest Attleboro, Mass. 


Gibson Electric Co., $849 Frankstown Ave.. 
Pittsburgh 21, 


Ba. 
Graphite Metallizing Corp., 1059 Nepper 
han Ave., Yonkers 8 N. Y. 


—— Le Co., Inc., P. B., Indianapolis 
Nex Co., J. M., P.O. Box 990, Hartford 1 


Stackpole oe Co., St. 


Marys, Pa 
Wilson Co.. 


. Route 22, Union, N. 2 


CONTACTS, CARBON. See Carbon ane 
Graphite. 


CONTACTS, HEATER PLUG 
Heyman Mfg. 


and TAP 
Co., Kenilworth 1, N. J 


CONTRACT MANUFACTURING 
Aluminum Goods Manufacturing Co 
Manitowoc, Wis. 


Chase Brass & Copper Co., Waterbury 20 
Conn. 


Elgin National Watch Co., Micronics Div... 
Elgin, Tl 


n, Til. 
Kirk and Blum Manufacturing Co., 


$123 

Forrer, Cincinnati 9, oo 
Master pogenee Mfg. Co., Racine 2, Wis 
Standard Go., 288 Laure! 


oe, 
J. 


Ave., Arlington, 


CONTROLLERS, MOTOR 
Allen-Bradley Co., 1316 8. Second, Milwu 


kee 4, Wis. 
Allis-Chalmers, Milwaukee 1, Wis 


Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn. 

Bristol Co., Waterbury 20, Conn. 

Clark Controller Co., 1146 E. 152nd 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, 

Electro Products Laboratories, Ry “4502 
N. Ravenswood Ave., Chicago 40, m 
Eseco Works, Delta-Star Div., EK 

Porter Co., Inc., Lockport, Ill. 
Federal Pacific Brectrte Co., 50 Paris 
Newark 1, N. 
Furnas Electric 6s., 1024 McKee, Batavia 


General Electric Co. om Sales 
Div., Schenectady 5 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Monitor Controller, Rockland, Mass. 

Square D Co., 4041 N. Richards, Milwav 
kee 12. Wis 

Vickers Electric Div.. Vickers Inc.. 1803 
Locust, St. Louis 3, 

wee, Inc., 35 8. St. Clair, Dayton 

84 South. 


Ward "Teens Electric Co., 
Mount Vernon, N. Y. 


CONTROLLERS, POTENTIOMETER 


Bristol Co., Waterbury 20, Conn. 
Weston Electrical Instrument Corp., A 


sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colmap 
Co., 1408 . . Tm. 
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The American Heat Seal Patching Machine, 
manufactured by American Heat-Seal Inc., 
Chicago, provides complete safety for the 
operator and automatically controls time, 
temperature and pressure for applying “Stay 
On” patching material. For faster output, two 
pads of Roth developed silicone sponge are 
used and the operating arm of the machine is 
swung from one pad to the other. 


IF YOURS IS A PROBLEM IN 
RUBBER...LET ROTH’S 
EXPERIENCE WORK FOR YOU 







Rotu developed silicone sponge rubber pads 
solved heat and pressure adhesion problems 
of commercial patcher 


High heat and high pressure are required to 
melt the adhesive and to make a lasting seal in 
commercial patches used in the overall and 
uniform supply industry. An automatic patching 
machine had been developed for this purpose 
but production was held up as patches were not 
getting the proper adhesion .. . particularly over 
seams and under buttons. 


ROTH RUBBER Technical Knowledge and Expe- 
rience developed a silicone sponge that would 
withstand the 400°F. temperature required and 
the 80 pounds per square inch pressure. Not 
only does a pad of this Roth silicone sponge 
withstand this pressure and temperature but it 
retains its resiliency over thousands of patch- 
ing cycles. 


Silicone Sponge Pads 


YOUR PATCHING DAYS ARE OVER... 


Write for technical data on Roth developed silicone sponge and molded silicone rubber parts 


ord 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





RUBBER COMPANY Division of Vapor Heating Corporation 


1860 South 54th Avenue * Chicago 50 











100% Chemically Pure 
For Hermetic Use 










ELECTRICAL 
INSULATING PAPER 


Dielectric strength — 300 volts per mil 
Tensile strength — 13-16,000 Ibs./sq. in. 


Density: 1.30-1.35 


Thicknesses from .004 to .030” 


100% rag stock paper 
No sizing or fillers used 


“Glazed roll” finish — others available 
Can be combined with other materials 
Available in rolls, sheets or coils 


REPRESENTATIVES 


Atlanta — Brownell Distributors, Inc. 
Boston Area—Insulating Fabricators of 
New England, Inc., Watertown, Mass. 
Chicago—Federal Insulation Co. 
Cleveland—C. J. Voneman Associates 
Dallas—Electrical Supply Corp. 
Dallas—Summer Electric Co. 
Denver—Electric Motor Supply Co. 
East Rutherford, N. J.—Insulating 
Fabricators, Inc. 
Fort Worth—Electrical Supply Corp. 
Hamilton, Ontario—Buntin, Gillies & 
Co., Ltd. 
Houston—Houston Industrial Supply Co. 
Kansas City, Mo.—Ace Electric Co. 
Los Angeles—tTri-State Supply Corp. 





Write for literature and free sample. 


Mobile—Russell Electric Co. 

New York—Brownell Distributors, Inc. 

Newark—Electric Motors & Parts Corp. 

Oklahoma City—John H. Cole Co. 

Philadelphio—Electrical Maintenance 
Equipment Co. 

Pittsburgh—Herbert J. Graham 

Salt Lake City—J. R. Christiansen Agency 

San Francisco—Tri-State Supply Corp. 

Seattle—Tri-State Supply Corp. 

St. Lovis—Dale Painter 

Stamford, Conn.—J. A. Jones 


Toronto—Electric Insulation & Fibre 
Co., Ltd. 
Woodbridge, N.J., Chalker Insulation Co. 


LET TN. ace ha 





88 Purchase St. ¢ Fall River, Mass. 
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| COPPER. See Brass, 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches. 


conTaes. PRESSURE and TEMPER 
URE. See also Relays, Switches 
ommaenene 


an Manufacturing Co., Columbus 16 


0 
Allen-Bradley Co., 1316 8. Second, Milwau- 
kee 4, Wis. 
— Products, Inc., Chesterland 14 
i 


Automatic Temperature Contre] Co., Sub. 


of Safety Industries, Inc., 5234 Pulaski 
Ave.. Philadelphia 44, Ps. 

Barber-Colman Co., Dept. O, 1803 Rock 
Rockford. Tl 

os, P.O. Box 2112, River 

side. Calif. 

Bristol Co., Waterbury 20, Conn. 

Fenwal Inc., 13 Pleasant, Ashland, Mass 

G-V Controls, Inc., ‘ellywood Plaza 
Bast Orange, N. J. 

General Electric Co., aratus Sales 
Div.. Schenectady 5, N. Y. 

General Thermostat Corp., 10 Albany Ave. 
Bartlett, N. H. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Cenn. 

McGraw-Bdison Go., Instrument Div., 
Dept. 58. West 6 


» Be oe 
4201 imont Ave., Chi- 


See 

¥ enngaees. 
Spencer Thermostat Div., Metals & Con- 
trols Corp., 3603 Forest Attleboro, Mass. 


Square D Co., 4041 N. Richards, Milwau 


kee 12, Wis 
Blectric Co.. Rochelle Park Post 

Office. Saddle Breok, N. J. 
Uyes Co., George, 418 Market, Newark 


Weston Electrical Instrument Corp., A 
sub. of Daystrom, Ine., 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1408 Rock, Roekford, IN. 

Wiegand Co., Edwin L., 
Bivd., Pittsburgh 8, 


CONTROLS, PUSH-PULL 
Angee Controls, 2017 Greenleaf, Bvanston 


CONTROLS, REMOTE. See Push Button 
Stations; Relays and Contactors; 
Switches. 


CONTROLS, RESISTANCE. Bee Resistors. 
also Rheostats. 


CONTROLS, SERVO. See 


Servomechan- 
isms. 


CONVERTERS, ROTARY 


Carter Motor Co., 2708 W. George, Chi- 
cago 18, TIL 


Bronze and Copper. 


COPPER, BERYLLIUM. See Beryllium, 
per. 


CORD and TWINE, ARMATURE and 
COIL 


Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Til 
Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., 
tady 1, ?} 7 
Varfiex Corp., 504 W. Court, ame, x. ¥. 
Westinghouse Electric . Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


Schenec- 


CORD, INSULATED. 


See Wire and 
Cable, Insulated. 


CORD, RESISTANCE LINE. See Resist- 
ance Line Cords. 


CORD SETS 

Alden Products Co., 117 N. Main, Brock- 
ton, Mass. 

Belden Manufacturing Co., 46383 W. Van 


Buren, Chicago 44, Til. 


Cornish on Co., Inc., 50 Church, New 


York 

Cords Ltd. a " Easex Wire Corp., 121 
Dodge, DeKaib, Ill. 

as Co., Carol Cable Div., Pawtucket, 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 


Phalo Plastics Cue Commercial & Fos- 
ter, Worcester Mass. 

Royal Electric San, Pawtucket, R. I. 

U._8. Rubber =" Rockefeller Center, New 
York 20, N. 

Westinghouse Bleetric Corp., Gateway 
Center, —. = No. s 401 Liberty Ave., 


Pittsburgh 
Wire Stripper a 1729 Eastham Ave., 
East Cl Ohio 


eveland 12, 


CORES, POWDERED METAL. See Cores. 
Transformer; Powdered Metal Products. 


CORES, REFRACTORY. See Ceramics. 


CORES, TRANSFORMER 


Acme Electric Corp., Cuba, N. Y. 
jae Lave Chattanooga 5, 
‘enn. 


Arnold Engineering Co., Marengo, IL 
General Ceramics Corp., Keasbey, N. J. 
Magnetic » Hayes Ave. at Sist, 
Camden 1 J. 
Magnetics. Ine.. Dept. EM-82, Butler, Pa. 


dio Cores, ine., 9540 Tulley Ave., Oak 
. Lawn, IIL 
‘tackpole Carbon , St. Marys, Pa. 
Thomas & Skinner, Inc., 1114 E. 28rd, 
Indianapolis 7 
“Sor Bldg. No. 8, 401 hue ae 
0. Ave., 
Pittsburgh 80, Pa. 
CORK and CORK COMPOSITIONS 
Armstrong Cork Co., 7003 Ingersol, Lan- 


caster, Pa. 


COUNTERS. See also Instruments, Hlec- 
ays. 


Automatic Temperature Control Co., Sub. 
. ay ineeaeries, Ins. 5234 


. Philadelphia 44, 
Div. of ican Instruments, 
Ine., Wright Ave., Richmend 38, 
Calif. 
Boesch Manuf 


Manufacturing Co., Inc., Danbury. 


Conn. 
Beowmar Instrument Corp., suis 1- 
vania Ave., Fort Wayne, ind. pone 

Bristel Co., “Waterbury 20, "Conn, 

Counter & Control Corp., 5225 W. Eleetric 
Ave., Milwaukee 14, ‘Wis. 

oe Signal Corp., 202 20th, Moline 1, 


K Switebboard and Ce., 79 
w. , Chicago 8, Tad 
nee w. 


Production Instrument —. 
we a. Chicago 6 
eeder-Root, Inc., Hartford : “Conn. 


COUPLINGS, CLUTCH. See Clutches. 


COUPLINGS, FLEXIBLE 

Eaton Mfg. Co., Dynamatic Div., 
Guardian Products Corp., 1215 B. Second, 
Michigan City, Ind. 


Lovejoy Flexible ling Co.. 4802 W. 
¢, Chicago 44, Ill. 


CRYSTAL DIODES. See Rectifiers, Semi- 
conductor ; Transistors and Crystal Diodes. 


CRYSTALS, QUARTZ 

Brush Hlectronics Co., 3405 Perkins Ave., 

x = <. Div. of H Corp. 
upp Electronics . be 
757 Circle Ave., Forest Park, Tt 

= ~~ he of America, Tube Div., Har- 


CYLINDERS, a 
The Bellows Co., 


Mead Bpectaltios oon 


Ohio 
i184 N. Knox Ave., 
Dept. 


E-17, Chicago 41, I. 


DAMPING DEVICES 
Gabriel Co., 1148 Euclid Ave., Cleveland 
15, Ohio 


DELAY LINES. See Computer Compo- 
nents. 


DIAL LIGHT AOSSUSLIES. Bee Lights, 
Pilot and Indicator. 


DIALS and PANELS 


Bore Equipment Div., Geerge W. Borg 
Corp.. Janesville, Wis. 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenae- 
tady 1, N. 

Mutual isiectronic Industries Corp., Uni- 
versal Aviation Div., 85 Beechwood Ave.. 
New Rochelle, N. ¥. 


DIE CASTINGS. See Castings, Die. 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units. 


DIE-SETTING TOOLS 


Wales-Strippit Corp., 345 Payne Ave.. 
North Tonawanda, N. Y. 


DIES, PRECISION, LAMINATION, Ete. 


Sylvania Electric Products Ine., 1740 
Broadway, New York 19, N.Y. 

Twin City Die Casting Co., Talmage & 
33rd Aves., 8.E., Minneapolis 14, Minn. 


DIODES. See Rectifiers, Semiconducter: 
Transistors and Crystal Diodes. 


oeArrins fpewecns and 
MATER 


Eastman oe Co., Rochester 4, N. ¥ 

Keuffel & Exser Co., Hoboken, N. J 

Ozalid, A Div. of General Aniline & 
Film Corp., Johnson City, N. Y. 


DRIVES, BELT 

Allis-Chalmers, Milwaukee 1, Wis. 

Dayton Rubber Co., Ind. O.BM. Div., 
Dayton 1, Ohio 

Gates Rubber Co., Denver, Colo. 

New York Belting & Packing Co., 1 Market 
St., Passaic, N. J. 


DRIVES, ELecTaentc. See also Speed 
Reducers and Drives 


Eaton Mfg. Co., Dynamatie Div., Kea- 


osha, Wis. 
General Eiectrte On Apparatus Bales Div., 
Schenectady 5, N. Y. 
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WIDE-VUE 


panel instruments 


a new concept 
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in styling and visibility y 


The clean, graceful lines of these “Wide-Vue” 
panel instruments add two plus values to 

your equipment. First, style—ultramodern 
beauty that blends with the advanced design of 
today’s panels. Second, functionalism—longer 
scales together with wide-angle readability. 
The 214” size, for example, has the same scale ELECTRIC COMPANY 
length as a conventional 344” panel instrument. 5200 W. Kinzie St., Chicago 44, Illinois 
The durable, plastic cover is formed in one aie, dail os 

piece, and can be supplied with black or color ss canal ei ERE EE 
finishes. Custom-built in 244”, 344”, and 414” Ce ee ee depp sap 
sizes. External magnet type movement or 

self shielded core magnet méter movement. 


INSTRUMENTS THAT STAY ACCURATE 








ARERNS 


Compact Control 





For Remote operation of 
Dampers, Vents and Valves 


Easy to install, low cost sector gear and pinion device 
with wire flexible control. Converts rotary motion to 
linear push-pull. 114” travel. Occupies only 134” 

114” panel area. Requires only one nut for aan. 
Weiee for information. 


Write for Catalog 
40 page illustrated 
Arens Remote Push- 
Pull Control Catalog. 
Write for it 


ARERS conrrois, Inc. 


2005 Greenleaf Street 
Evanston, Illinois 





BETTER 
PRINTED CIRCUIT 


Protection 





PRE-SOLDERING PROTECTIVE COATING 


1. Longer protection against ox- 
ides, carbonates and hydrates. 


Lonco Sealbrite 230-10 
provides 3 important 
advantages over other 
products of its type: 


2. Greatly increased solderability. 


3. Instant displacement of water 
and moisture from metal surfaces. 


Lonco Sealbrite 230-10 gives approximate coverage of 
7,000 sq. feet per gallon .. . dries quickly to a perma- 
nently invisible tack-free film ... keeps soldering surfaces 
clean and acts as a soldering aid. It can be used as re- 
ceived or thinned to any working viscosity. 

Get Sealbrite 230-10 protection for your printed cir- 
cuits. Immediate delivery in 1-gallon bottles, 5-gallon 
cans or 55-gallon drums. Request literature 
for full information. 


NC 
LSIFIERS 





idee LONDON CHEMICAL CO., INC. 


1537 NORTH 3ist AVENUE * MELROSE PARK, ILLINOIS 
Other Lonco Products: Solder 


Chemical Solder Masks © Chemical Wire Strippers 


e Fluxes 
Flux Removers ¢ 
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Reliance Electric & Engineer > 
Ivanhoe Rd., ‘ Ohio - 


ee | 10 
Ine., 4 Godwin im. . of, Electro: 
by oy x 8. 401 Liberty tera 
enter, 0. be 
Pittsburgh 80, Ps. _ 


DUCTS, WIRING (Control! Panel) 
Panduit, Inc., i 8S. Washtenaw Ave., 


Chicago 48, 
Soquigins Fibre Co., Ine., Tonawanda, 


Stahlin Brothers Fibre Works, Inc., Dept. 
B, Belding, Mich. 


Taylor Electric, Inc., 15406 Dale, Detroit 
23, Mich. 


DUPLICATING MACHINES, DIELESS. 
See Benders, Brake and Shears. 


OYNAMOMETERS 


Chatillon & om. 


John, 
York, N, 


85 Cliff, New 
Ken- 
= Sales Div., 


Gemeente 


8, 8 SS Biers ee Ave., 


Dynamatic Div., 
General ae oO 
Schenectady 5. 
Robbins & 
Westinghouse Erect 
Center, Bldg. > 


Pittsburgh 22, Pa. 

DYNAMOTERS 

Carter Motor Co., 2708 W. George. Chi- 
cago 18, TIL 


CLESTAISAL SHEETS. See Steel, Elec- 
Tical. 


ELECTRONIC COMPONENTS. See spe- 
cific headings. 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 


ings, Welds, Ete.) 
American Lava Corp., Chattanooga 65, 
Tenn. 


Eitel-McCullough, Inc., San Bruno, Calif. 
Ragingerios Co., 27 Wright, Newark 5. 


ENAMELING SHEETS. See Steel, 


Com- 
mercial Forms and Grades. 


ENAMELS. See Lacquers, Enamels, Paints 
and Varnishes, Finishing. 


EYELETS and GROMMETS 
we Brass & Copper Co., Waterbury 20, 
Fastex Div. g, Illinois Tool Works, 195 


sloweata Des Plaines, Ill. 
Goshen bubber Cont Inc., P. 6. Box 517, 


Gos 

Revere Copper & Brass, Inc., 230 Park 
Ave.. New York 17, N. Y. 

Roth Rubber Co., 1860S. 54th Avre., 
Chicago 50, Ill. 

U. S. Gasket Co., Camden 1, N. J 


FABRICS sROULATING. (Sheets, 
Yarns, Thread, Cord, Ete.) 


Glass-Fiber, Varnished Cambric, Cotton, 
Linen, Silk, Asbestos, See al 


Tapes, 


ete. 80 
Tape and Sheeting, Synthetic Resin; 
Tubing and Sleeving, Braided Fabric. 
Acme Wire Co., 1225 Dixwell Ave., New 
Haven 14, Conn. 
Bentley, Harris Mfg. Co., 1203 Barclay, 
Conshohocken, Pa. 
Brand & Co., Inc., William, Willimantic, 
nn. 
Celanese Corp. of America, 290 Ferry. 


Newark 5, N. 
a a -Diamond Fibre Co., 
Cottrell Paper Co., Inc., 88 Purchase, Fall 
River, Mass. 

Dow Corning Corp., Midland, Mich. 
Electro-Technical Products, Div, of Sun 
Chemical Corp., Nutley 10, J. 
General Electric Co., Chemical ‘Div., 1 

Plastics Ave., Pittsfield, Mass. 
Gudebrod Bros. Silk Co., Inc., 12 8. 12th, 
Philadelphia 7, Pa. 
Hess, Goldsmith & Inc., Horace 
a sda 1400 paaieae New York 


Newark 


Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Ill. 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 

a vine. Box 14, New York 16, 


See) ‘Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill. 
L. O. F. Glass Fibers Co., 1810 Madison 

Ave., Toledo 1, Ohio 


Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Schenec- 
tady 1, N. Y. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn 

Molded Fibergiass Sheet Co., 4415 Benefit 
Ave., Ashtabula, Ohio 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 


New Jersey Wood Finishing Co., Electrical 


Insulation Dew. Woodbridge, es J. 
Owens- ing Fiberglas Corp., 598 Mad- 
ison Ave., New York 22, N. 
Raybestos-Manhattan, Ine., Plastie Pro- 
ducts Dir. Manheim, Pa. 

Rotron Manuta‘uring Co., Inc., Wood- 
stock, N 

vanes Coro... B08 “504 BL _ oo —_ ¥. 
Vestinghouse Corp. teway 
Center, ~~ = Ne * 40 iberty Ave., 
Pittsburgh 30, Pa 


FANS and BLOWERS 


ne Rye Co., Mousted, Dev Div. 
eager Manufacturing Co., Somer 
ie 


Eastern Nor Devices, 383 Centra) 
Ave., Dover, N. 
El Ray ane Soe “Ine., 11747 Vose, N. 


Hollywood, 

Oe Eisetrie ‘ute. Co., St. Louis 21, 

Fasco Industries, Inc., Rochester 2, N. Y. 

Globe Industries, Inc., Dayton 4, 

Heinze Electric Co., 685 Lawrence, Low- 
ell, Mass. 

Hupp Electronics Co., Div. of Hupp Cap. 
757 Circle Ave., Forest Park. 

Master Appliance Mfg. Co., Racine 2, Wis. 


Robbins & Myers, Inc., ler Div.. 
Springfield, Ohio 


Ine., 


FASTENERS (Bolts and Nuts; Lock and 


Snap Assemblies; Pins; Pre-assembled 
Washers and ; Recessed Head 
Screws; Rivets; Serews; Washers.) 

Bolts and Nuts 

Machine 5 pie _ Nuts (A) 

Stove 

Self- RW a 

Sheet Metal Lock sohes Assembly Nuts 
(D) 

one Thread Inserts (E) 

Cold Headed and Rolled Threaded Pine. 
Studs and Special Parts (F) 

Cap, Nuts (G) 

Spade Bolts (8S 

Welding Nuts (Clineh- -on) (N) 

Wing Nuts (W) 

Aluminum Co, of America, Alcoa Bidg.. 
Pittsburgh 19, Pa. (A) 

American Screw Co., Willimantic, Conn 


(BF) (Cold Headed Screws) 


Anti-Corrosive Metal Products Co., Ine.. 
Castleton on-Hudson, N. Y. (A) 
Bristol Co., Weeten S. Conn. (A) 

Buffalo Bolt Co., N. Tonawanda, N. Y 
(AB 

Burndy Corp., Omaton Div., Norwalk. 
Conn. 

Chase — & Copper Co., Waterbury 20. 
Conn. (ABCF) 

Cleveland Cap oon Co. 4444-11 Lee 


Road, Cleveland 28 
Continental Screw Co., New ‘Beatord, Mass 


(AB) 

Elastic Stop Nut Corp. of America, Dept. 
R45-322, 2330 Vauxhall Rd., Union 
N. J. (ACDEN) 

. 1800 Broad- 


Elco Tool and Screw Cor 


way, Rockford, Ill. (ABF 
Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 
Gries Reproducer Corp., 149 Beechwon4 
Ave., New Rochelle, N. Y. (GW) 
. H. M., 8204 Lehigh Ave 
Morton Grove, Ill. (ABC) 
Hassall, Inc., John, P.O. Box 2225 
Westbury, L. I. : 


» M, ) 
Heli-Ceil Corp., 208 Shelter Rock Lane 
Danbury, Conn 


Keystone Bolt & Nut Cnn. 127 Church. 
New York 7, N. Y. (AB) 

Lamson & Sessions Co., 1971 W. 85th. 
Cleveland 2, Ohio (ABCDF) 

Milford Rivet & Machine Co., Milford. 
Conn. (BF) 

National Lock Co., Rockford, Ill. (A) 

Palnut Co., Sub. of United-Carr 


oe 66 Glen Rd., 
(Cc) 

Parker-Kalon Div., General American 
a ak me Corp., Entin Rd., Clif- 


Mountainside, N. J 


ton, N. J. 

Prestole Corp., 1308 Miami, Toledo 5. 
Ohio (D) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. (ABF) 

Shakeproof Div. of Illinois Tool Works. 


St. Charles Rd., Elgin, Ill. (C) 
Standard Pressed Steel Co., Jenkintown 9. 
A 


Pa. (AN) 
< a Co., 363 W. Erie, Chicago. 
IL 


Thompson-Bremer & Co., Sub. sagt 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill. (C) 

Tinnerman Products, Inc., P. O. Box 6688. 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp., Cambridge 
42, Mass. (ACDE) 

Wenco Mfg. Co., 1136 W. Hubbard, Chi 
cago 22, Ill. (8) 


Lock & Snap Assemblies (Door Panel, Shel 
Support & Mounting, etc.) 


Fastex Div. of Illinois Tool Works, 198 
Algonquin Rd., Des Plaines, Ill. 

Simmons Fastener Corp., 1752 N. Broad- 
way, Albany 1, N. Y. 


Pine—Ootter (F); Locking and Taper (G) 
Spiral Coil (M) 

Anti-Corrosive Metal Products Co., 
Castleton-on-Hudson, N. Y. (F) 

Chase Brass & Copper Co., Waterbury 20 
Conn. (F) 

Elastic Stop Nut Corp. of America, Dept 
ee $22, 2330 Vauxhall Rd., Union 

—- 


ison, & Sessions Co., 1971 W. 86th 
Cleveland 2, Ohio (F) 

os Bolt Co., 363 W. Erie, Chicago 
Il. 


Ine. 


Pre-Assembled Washers and Screws 


American Screw Co., Willimantic, Conn. 

Continental Screw Co., New Bedford, Mass. 

Lamson & Sessions Co., 1971 W. 85th 
Cleveland 2, Ohio 


» Rockford, Til. 
Burdsall & Ward Bolt and Nut 


Co., Port Chester, N. Y. 
Shakeproof Div. of Illinois Tool Works. 


St. Charles Rd., Elgin, Ml 


Russell, 
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enn a : 


Forethought 
i \ costs less than 


| 
/ Me Afterthought | 


/ 
he so, 4 


Design ~~ 
These in 
When you 


=a 
~ 











a 


If you need mechanical 
or electrical counters in 
any of your new products, / 
here’s a word to the cost- 


wise designer: Design them 


im . 
oR Fe ;, 


in, when you begin . . . don’t tack them on later. _" tit 

Series 1370 High Speed Counter (1500 to 2500. “= "arn 
F zs ’ Z rpm) built into a wide iety of i t. ; 
For if you'll give us a chance to work with you, right ee 


and money by adapting or modifying a standard 


Veeder-Root Counter to your needs . . where you might 

get into a costly special job if you went about it alone. Comm OV, 
What’s more, you save time in your engineering, 

purchasing and assembly departments. ; \Vve e ad er= RO ot 


INCORPORATED 


Hartford, Conn. « Greenville, S. C. « Chicago 
New York « Los Angeles « San Francisco « Montreal 
Offices and Agents in Principal Cities 


from the beginning, chances are we can save you time Ev 





OT ee 


: J Series 


1205 Reset 


se } 





ms Special Longitude Counter, one 


Magnetic Counter with panel — of many made for aircraft navi- 
mount and lock and key. Series 1122 Small Reset Ratchet Counter. gational equipment. 
READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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WIRE 
STRIPPER 


FOR 
FILM-INSULATION 





TWIN-CONE 


¢ 
and TWIN-WHEEL Srnitepers 
@ Safely strip within @ Eliminate wasted motion on 
Ve" of part production set-ups 


@ Remove ALL insulation with one 
grade fibre glass wheel 


IDEAL’S new precision-engineered strippers remove 
all types of film insulation from leads or anywhere 
along the wire length at a “strip-a-second” rate! Spe- 
cial fibre glass wheels of uniform structure prevent 
breakage of the finest solid or stranded wire, yet strip 
away every bit of enamel, Nylon, Formex, Formvar, 
even Teflon! One grade wheel does all jobs — makes 
inventory and ordering a “snap”. 


\ 







TWIN-CONE 
HAND TYPE 
with flexible shaft 
Here's a stripper that moves to the 
job. Removes film on gang-wound 
coils without dismantling set-up. 
Conical wheels strip AWG No. 50 
to No. 30 wire up to %” from 

rt, Operates on 115 V. AC or 
Be, with rheostat foot control. 





TWIN-WHEEL BENCH TYPE 

For slightly heavier duty stripping. 
Cylindrical, fibre glass wheels strip 
AWG No. 50 to No. 25 wire. Pre- 
cision design speeds output, mini- 
= rejects. Operates on 115 V. 


Sold through America’s leading distributors 
In Canada: Irving Smith, Ltd., Montreal 


MAKE A FREE TRIAL TEST 


Send us a sample of your particular wire stripping 
problem. We'll make tests and send you our model 
recommendations. No obligation, of course! 


seeeeeee eee ene eee 

IDEAL INDUSTRIES, INC. 

1008-C Park Avenue, Sycamore, Illinois 

Gentlemen: 

[) Kindly send us complete catalog data on Ideal Twin-Cone and 
Twin-Wheel production strippers. 

(0 Herewith a sample of our wire stripping needs, 
your recommendations and data. 


Q 


See ee 


kindly send us 


Name 
Company. 
Address. a 

City. ele aicaes State 
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Thompson-Bremer & Co.,, Sub. gugiee 
Machine & Foundry Co., 520 N. Dear 
born, Chi 10, I. 

United-Carr tener Corp., Cambridge 
42, Mass. 

Recessed Head Screws 

117 N. Main, Brock 


Alden gp Co., 


Screw Products Co., Inc., 82) 
Stewart Ave., Garden City, N. Y. 
American Screw Co., Willimantic, Conn. 
Atlantic Screw Works 85 Charter 


» Ine., 


Oak Ave., Hartford, Conn. 

Blake & Johnson Co., Waterville 14, Conn 

| Bristol Co, Waterbury 20, Conn. 

Central Screw Co., 3501 Shields Ave 
Chicago 9, Tl. 

Cogs Brass & aoe Co., Waterbury 20 
onn. 

Continental Screw Co., New Bedford, Mass 

Bagle Lock Co., 20 8S. Main, Terreyville. 
Conn 


Elco Tool & Screw Corp., Rockford, I) 

Great Lakes Screw Corp., 18631-51 8. 
Halsted, Chicago 27, Il. 

Harper Co., ne’ fe. 8204 Lehigh Ave. 
Morton Grove, 

Heli-Coil Corp.. 308 Shelter Reck Lane, 
Danbury, > 

Keystone Bolt & Nut Corp., 127 Church 
New York 7, N. Y. 

Lamson & Sessions Co., 1971 W. Sth 
Cleveland 

aaiveré Rivet & Machine Co., Milford. 
‘onn 

National Lock Co., Rockford, Ill. 

National Screw & Manufacturing Co., 2440 
E. 75th, Cleveland 4, Ohio 

Parker-Kalon Div., General American 
en Corp., Entin Rd, Clif 
ton, N 

Pheoll Mite. &. 5700 Roosevelt Rd., Chi- 
cago 50, Til. 

Rockford Serew Products Co., Reckferd, Il 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Screw Research Association, Union Trust 
Bldg., Providence 8, RB. I. 

Scovill Mfg. Co., Waterville 14, Conn. 

Shakeproof Div. of a Tool Works 
St. Charles Rd.. Elgin, 

Southington Hardware ute. Co., South 
ington, Conn, 

Seenteed Pressed Steel Co., Jenkintown 9 

Gterting Bolt Co., 363 W. Erie, Chicago, 
ll. 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill 


Wales-Beech Corp., 2240 15th, Rockford 
Rivets 
Aluminum Co. of America, Alcos Bldg. 


Pittsburgh 19, Pa. 

Anti-Corrosive Metal Products Co., Ine. 
Castleton-on-Hudson, N. Y. 

Chase Brass & Copper Co., Waterbury 20 


Conn. 

Chicago Rivet & Machine Co., 9608 W. 
Jackson Bivd., Bellwood, TL 
Continental Screw Co., New Bedford, 
Deine L - 1 Corp., 8128 "slant- 


cello A e, Tl. 

Fastex Dir. of Tilinots Tool Works, 195 
Algonquin . Des Plaines, 

Gries Reproducer Corp., 149 Beechwant 
Ave., New Rochelle, N. a 

Harper Co., H. u. $204 Lehigh Ave. 


ae Rivet & Machine Co., Milford, 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester. N. Y. 

= Bolt Co., 363 W. Erie, Chicago, 
ll. 


Serews—Cap and Set, Machine (H); Self 
Tapping (J) 

Allen Manufacturing Co., 133 Sheldon, 
Hartford 5, Conn. 

Aluminum Co, of America, Alcoa Bidg., 
Pittsburgh 19, Pa. 

rs Screw Co., Willimantic, Conn. 
( 

Anti-Corrosive Metal Products Co., Inc., 
Castleton-on-Hudson, N. Y. (H) 

Bristol Co., Waterbury 20, Conn. (H) 


Chase Brass & Copper Co., Waterbury 20, 
Conn. (HJ) 

Cupaes Screw Co., New Bedford. Mass. 
( 


) 
Eleco Tool and Screw Corp., 1800 Broad- 
way, Spates. Ti. (HJ) 


Harper M., 8204 Lehigh Ave., 
| Morton Grove, Ill. (J) 
Hassall, Inc., John. P.O pe 2225, West- 
bury, L. I., N. ¥. (HJ 
Keystone = ¢ & Nut Cmr.. 127 Church, 
New York N. Y. (HJ) 
son & ciemees Co., 1971 W. 85th, 
Cleveland 2, Ohio (HJ) 
Milford Rivet & Machine Co., Milford, 
Conn. (HJ) 
National Lock Co., Rockford, 7. (J) 
Parker-Kalon Div., General American 


Transportation Corp., Entin Rd., Clif- 
ton, N. J. (HJ) 

nae, Burdsall & Ward Bolt and Nut 

Port Chester, N. Y. 

Bert coor 2 & Manufacturing Co., 112 Main, 
Bartlett, Ill. (H) 

Shakeproof Diy. of Illinois Tool Works 
St. Charles Rd., Elgin, m (J) 
Standard Pressed Steel Co., 


Pa. (H) 

Sterling Bolt Co., 363 W. Erie, Chicago 
10, TIL (HJ) 

United- Om ‘ee Corp., Cambridge 42, 
ass. (H 


Wasners—Filat (K); Lock and Spring (L) 


Anti-Corrosive Metal Co., Ine., 
Castleton-on-Hudson, N. Y. (L) 

Ancapieted Spring Corp., Bristel, Conn. 
( ) 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Barnes C©o., Wallace, Div. Associated 
Spring Corp., Bristol, Conn. (KL) 


Barnes-Gibson-Raymond Div., Associated 
Spring 40300 Plymouth Rd, 


Plymouth, 
B-G-R Cook Plant Div., Associated Spring 
Corp., Ann Arbor, Mich. wy) 
Blake & Johnson Co., Waterville 48, Conn. 
Chase Brass & Copper Co., Waterbury 20, 


Conn. (KL) 
= Screw Co., New Bedford, Mass. 


Cosmo Plastics Co., 3239 W. 14*h, Cleve- 
land 9, Ohio 

Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn. 

om < Co., git George K., Philadelphia 

Gibson s William D., Div. Associated 
Spring 1800 Ciybourn Ave., Chi- 


cago 14, Iu. (KL) 

Harper Co... H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (L) 

Joliet Wrought Washer Co., Joliet, Tli- 


nois (K) 

eystone Bolt & sa =: 127 Church, 
New York 7, N. 

Lamson & Sesion ‘con 1971 W. 85th, 
Cleveland 2, Ohio (KL) 

Manross & Sons Co., F. N., Div. Asso- 


ciated Spring Corp., Bristol, Conn. (KL) 
Milwaukee Div., Associated Spring Corp., 
341 EE Erie, Milwaukee, Wis. (KL) 

National Lock W. , 40 Hermon, 


. Associated Spring Corp., 1712 
os.; L) 


Dayton, 
it Co., Sub. ot United. Carr Fastener 
Mountainside, N. J. 


Cor. 66 Glen Ra., 
Mfg. Co., Div. Associated Spring 
., Corry, Pa. (KL) 
. Burdsall & Ward Bolt and Nut 
ter, N. Y. 
. Of Tilinois Tool Works, 
St. Charles Rd., Elgin. Ml. (L) 
mee Bolt Co., 363 W. Erie, Chicago, 


-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill. (KL) 
United-Carr Fastener Corp., 
42, Mass. (L) 


FELT 


American Felt Co., 
Glenville, Conn. 
Continental Felt Co., 
15th. New York 11, 
Felters Co., 210 South, Boston qi. 
Western Felt Works, 4021-4189 W 

Ave., Chicago 23, 


16 Glenville Ra., 
Inc., 22-26 West 
Nn. Y. 


Mass. 
. Ogden 


FIBR 
ing. 


PHENOLIC. See Plastics—Meilé- 
minating, Casting and Extrusien 


FIBRE, VULCANIZED. (Board, Sheet, 
Red, Tubing) 


Continental-Diamond Fibre 
ark 1 


t Div. of The 

‘turers Ooi eer w 
Corp... 

Bivd., Chicago Ti. 


Washin 
: no uleanized Fibre Co., Wilming- 
ton 99, 

ae Fibre Co., Inc., Tenswanda, 


Stahlin Brothers Fibre Works, Inc., Dept 


Tay’ Pa. 
West Virginia Pulp and Paper a 230 
Park Ave.. New York 17, N. 


FILTER ELEMENTS, POWDERED 
METAL 


Aqpies De. of Chrysler Corp., Detroit 
Radio Cores, Inc., 9540 Tulley Ave., Oab 
Lawn, Il. 


FILTERS, RADIO 


Aecrovoxr Se, New Bedford, 
i s"F: . 231 Grant Ave., ee New- 


and Radio Co., Div 
International Telephone and Tele- 
Corp., 10@ Kingsland Rd., Clif- 


General ‘Electric Os., Apparatus Sales Div.. 


Schenectady 5, N. Y. 
Gyemen Co., 340 W. Huron, Chicago 16. 
Guiton Mf Corp., Gulton Industries. 


Ine. 212 Durham Ave., Metuchen, N. J. 
& Co., Inc., P. R., Indianapolis 


Ind. 
Sprague: gute Co., 307 Marshall, North 
Tobe Deutschmann Corp., Norwood. Mass. 


FINISHES, PRODUCT. See Lacquers 
ee. Paints and Varnishes, Finisb- 


FLUORESCENT LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compen- 
sators, Control Units, Starters and 
Transformers. For Resistors, see Re- 
sistors, Instrument and Radio; also Ca- 


pacitors. 
Acme Electric Corp., Cuba, N. Y 
Aerovox Corp., New Bedford, Mass. 
Arrow-Hart & Hegeman Electric ©o., 
Hawthorne. Hartford &. Conn 
Chicago Standard Transformer Corp., 
dison & Elston Ave., Chicago 18, Il. 
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IBM GROWTH promoted these men 





PRODUCT DEVELOPMENT ENGINEER: Before his recent promotion, 
this man was a member of a small engineering “team” (two 
M.E.’s, an E.E. and a model maker) in IBM’s Poughkeepsie 
plant. His specific project entailed the creation of the “ultimate 
package in printed circuitry.” His group “brainstormed” the 


project in continual sessions, putting the results in model form. 
Then the group would try to “tear the idea to shreds” in order 
to create something even better. 





PRODUCT CONTROL ENGINEER: Promoted recently, this man form- 
erly worked at IBM’s Poughkeepsie manufacturing facilities. 
His job was to design information systems to insure a smooth 
flow of work through the plant. “It takes creative engineering 
ability to design these systems,” he'll tell you, “and administra- 
tive ability to ‘sell’ a system to higher management and make 
it stick. If you possess this rare combination of abilities, this is 
the job for you!” 


Could you handle their responsibilities? 


Jobs like these continually open up at IBM—due to 
rapid expansion. If you are an engineer or scientist— 
or have equivalent experience—you may be qualified 
for such a position. Innumerable opportunities exist in: 


e Photo and magnetic device 
memory 


e@ Computer systems planning 


© Numerical analysis and 


programming @ Semi-conductor research, devel- 


@ Electronic circuit design and opment, and manufacturing 


packaging e@ Manufacturing process control 


@ Electrostatic phenomena e Computer systems testing 


© Real time systems engineering ¢ Test equipment design 


Economic experts rank the electronic computer with 
automation and nucleonics in growth potential. More 
than 10,000 electronic computers will be in operation 
by 1966. IBM sales have doubled, on the average, 
every five years since 1930. IBM engineering labora- 
tory personnel quintupled in the past five years. IBM 
spent $19,000,000 on research and new product 
development in 1956. Salaries are excellent; company- 
paid benefits set standards for industry today. Person- 
nel turnover at IBM is less than one-sixth the national 
average. 


DATA PROCESSING . 





FOR THE FACTS about an engineering career with IBM, 
just write, outlining background and interests, to: 


R. A. Whitehorne 

Mgr. of Engineering Recruitment, Dept. 10903 
International Business Machines Corporation 
590 Madison Avenue, New York 22, N. Y. 


Where would you like to work for IBM? 


IBM plants and laboratories 
are located in: 


Endicott, Kingston, New York 
City, Owego, Poughkeepsie, 
N. Y.; San Jose, Calif.; Wash- 
ington, D. C.; Greencastle, Ind.; 
Lexington, Ky.; Rochester, 
Minn.; Sherman, Texas. Branch 
offices in 189 cities through- 
out the U.S.A. 


Be sure to visit the 
IBM booth at the 

1. R. E. Show, 

March 18 through 21. 


MILITARY PRODUCTS 


INTERNATIONAL 
BUSINESS MACHINES 


CORPORATION 


TIME EQUIPMENT. 







ELECTRIC TYPEWRITERS . 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 381 
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BASIC REASONS WHY 
DERINGER CONTACTS 
ARE YOUR BEST BUY 


UNIFORM HIGH QUALITY 





Modern facilities and equipment are designed for efficient precision 
manufacture. 

Skilled craftsmen specialize on just one product—the finest electrical 
contacts. 

Double check quality contro! plus 100% inspection essures uniform 
high quality. 


ADVANTAGEOUSLY PRICED 





in accordance with precious or base metal market. Substantial sav- 
ings made possible by efficient operation are passed on to you in 
superior contacts and service. 


UNUSUALLY QUICK DELIVERY 





Deringer now offers the largest selection of standard sizes in the 
industry—300 flat and radius faced contacts and rivets. Delivery of 
small quantities for emergency or pilot runs can normally be made 
quickly, dependent chiefly on the supply of the particular metal 
specified. Delivery of larger quantities depends on your needs. 


Write for our new catalog listing 300 standard contacts and rivets. 


DERINGER 


METALLURGICAL CORPORATION 


8121 MONTICELLO AVE. * SKOKIE, ILLINOIS 
PHONES: CHICAGO—KEystone 9-8502 SKOKIE--ORchard 5-1030 





ELECTRONIC BALA 


Low Cost 
Bench 


enon al 


el 


[os 


VTE MARL LSU ee LULL 
SU Rae CLUTTER Cee 


Requiring minimum space, minimum fixturization, and 
CCU aM aL) AL) oe SD 
RUM ECU me Rie ual) ee CO Ce 
MERLE ee eae ee 
of magnitude and position of unbalance. For manufacturers 
and shops seeking a precision machine with great range 
and Par the SU-6 offers the very finest 
characteristics at the lowest price available! 


Ta ea 


hed BALANCING, 


Garden City 


ih in 


ss 


He Rood Park N 


ule 





ous Nome In Dynamic Balancers 


382 





General Electric Co., Construction Mate 
Tials Div., Bri 


= Hlectric eS. 16th, Chicag: 


Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 


Sylvania Electrie Products we.. 1m 
Broadway, New York 19, 
Westi: El 


nghouse ectric bony Gatewa: 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 80, Pa. 


FOILS, WIRE MARKING 
Kingsley Stamping Machine Co., 865¢ 
Cahuenga, Hollywood 


FOOT SWITCHES. See Switches 


FORGINGS 


American Brass Co., Waterbury 20, Com 
Chase Brass & Copper Co., Waterbury 20 


Philadelphia Bronze & Brass Corp., rs 
a P. Mallory 
Master, Philadelphia 21, \. 

Revere Copper & Brass, Inc., 280 Pars 
Ave., New York 17, N. Y. (Non-ferrous 


noe & Son., Inc., Joseph T., Chicago 
80, Il 


FREQUENCY METERS. See Instrument 


FUSE HOLDERS, MOUNTINGS ano 
CLIPS 


Alden Products Co., 
ton, Mass. 
— Corp., 


117 N. Main, Brock 


Omaton Div., Norwalk 


Hold "industries, Inc., 445 Elm, Sycamore 


Ideal Industries, Inc., 1008 Park Ave. 
Sycamore, Ill. 
Ilsco Corp., 5745 Mariemont Ave., Cin 


. Ohio 
. Howard B., Cinch Mfg. Corp.. 


cago 24 . 
Littelfuse, Des Plaines, Ill. 
Multi Electric Mfg., Inc., 4227 W. Lake 
Chicago 24, Il. 
Sherman Manufacturing Co, H. B., 
Battle Creek, Mich. 


Square D Co., 6060 Rivard, Detroit 11 
Mich. 
FUSES 
Burndy Corp Omaton Div., Norwalk 
Conn. 


General Electric Co., Apparatus Sales Div. 
Schnectady 5, N. Y. 

Littelfuse, Des Plaines, Ill. 

Royal Electric Corp., ee, a, 2 


Westinghouse Electric Gatewa) 
Center, Bidg. No. 3, 401 Aberty Ave. 
Pittsburgh 30, Pa. 

PRESSURE 


GAGES, TEMPERATURE, 
and VACUUM 

Automatic Temperature Control Co., Sub. 
of Safety Industries. Inc.. 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Bristol Co.. Waterbury 20, Conn 

McGraw-Edison Co., Instrument Div., 
Dept. 53, West Orange, N. J. 

Weston Electrical 
sub. of Daystrom, Inc., 
huysen Ave., Newark 5, N. J 

Wheelco Instruments Div., 

Co., 1403 Rock, Rockford, 


GALVANOMETERS. See Instruments. 


GASKETS 


American Felt Co., 16 Glenville Ba. 
Glenville, Conn. 


Armstrong Cork Co., 7003 Ingersol, Lan- 
easter, Pa. (Cork and Rubber Composi 


tions) 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

- Brass & Copper Co., Waterbury 20, 

n. 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill. 

Electro Tec Cup; 4 Bomanelli, South 


Hackensack, N. 
Goshen Rubber co, Inc., P.O. Box 517, 


Goshen, Ind. 
—y Manville, Box 14, New York 16, 
Parker Appliance >. 17325 Euclid Ave., 


Cleveland 1 


Raybestos-Manhattan, Inc., Plastic Prod- 
ucts Div.. Manheim, Pa. 
Roth Rubber Co., 1860 S. 54th Ave., 


Chicago 50, Ill. 
U. 8S. Gasket Co., Camden 1, N. J. 
7. = Rubber Go., Rockefeller Center, 


N. 
Western Felt ‘Works, 


4035-4117 Ogden 
Ave.. Chicago 23, Ill. 
GEARMOTORS. See Motors 
GEARS and PINIONS 
Amplex Div. of Chrysler Corp., Detroit 
31. Mich. 
Beaver Gear Works, Inc., 1035 Parmele, 
Rockford, Ill. 
Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Ft. Wayne, Ind. 


Cone-Drive Gears Div., Michigan Tool Co., 
7171 E. MecNichols Rd., Detroit 12, 


Mich. 
Continental-Diamond Fibre Div. of The 
Newark 13, Del. 
of Illinois Tool Works, 195 


Budd Co., Inc., 
Fastex Div. 
Algonquin Rd., Des Plaines, Ill. 


Gear Specialties, Inc., 2635 W. Medi)! 
Ave., Chicago 47, Ill. 
Gries Reproducer Corp., 149 Beechwood 


Ave.. New Rochelle, N 


Ohio Gear Co., 1358 E. 179th, Cleveland 
10, Ohio 

Radio Cores, Inc., 9540 Tulley Ave., Oss 
Lawn, Lil 


Shakeproof Div. of Illinois Tool Work. 
St. Charles Rd., Elgin, Il. 

United States Graphite Go. 1621 Holland 
Saginaw 8, Mich. 

Westinghouse Electric Cor Gatewas 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


Winzeler Manufacturing & Tool Co., 7355 
W. Wilson Ave., Chicago 31, 11! 


GENERATORS. See Motors 


GENERATORS, ELECTRONIC 
General Electric Co., Aqpeum 
Div., Schenectady 5, N. Y. 
General Electric Co., Electronics Div 
Electronics Park, Syracuse 1, N. Y. 
1700 State 


Electronics Co 
P.O. Box 13058 


Sales 


Howard Industries, Ine., 
Racine, Wis. 
Southwestern 


Industrial 

2831 Post Oak bs 
Houston, Texas. 

Vibro Ceramics Corp., Gulton Industries 
Inc., 212 Durham Ave., Metuchen, N. J 


GERMANIUM DIODES. See Rectifiers 
Semiconductor; Transistors and Crysta! 
Diodes. 


GLASS-BONDED MICA 


Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 18, Del. 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Mycalex Corp. of America, Clifton Blvd 


GLASS-FIBER. YARNS, CLOTHS ano 
TAPE. See Fabrics, Insulating. 


GLASS, TECHNICAL 
Corning Glass Works. Technical Products 


Div., Corning, N. 
Hermasea! Co., Inc., 1010 Main, Elkhart 
Ind. (Tubes) 
Swissvale, Pa 


Kopp Glass, Inc., 


GOLD, ROLLED (Plate and Wire) 

American Platinum Works, 231 ad Jersey 
Railroad Ave.. Newark 5, 

age .> Co., Inc., 113 Astor, Seat 5. 


General Plate Div., Metals & Controle 
Corp., 1903 Forest, Attelboro, Mass. 
- & _ me. 82 Fulton, New York 


“M., P.O. Box 990, Hartford 1 


Sel Rex Corp., 155 Manchester Pi., New- 
ark 4, N. J. 


Wilson Co.. H. A., Route 22, Union, N. J 


GRAPHITE. See Carbon and Graphite 


GREASE. BEARING 


Dow Corning Corp., Midland, Mich. (Siii 
cone) 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Il. 

Heyman Mfg. Co., Kenilworth 1, N. J 

Pyle-National Co., 1388 N. Kostner Ave 
Chicago 51, Ill. 

Walker Co.. George, 118 Amsterdam Ave 
Passaic, N. J. 

Weckesser Co.. 5701 Northwest Highway 
Chicago 30, Ill. 


HARNESSES and ASSEMBLIES, WIRE 

Alden Products Co., 117 N. Main, Brock 
ton, Mass. 

Amphenol Electronics Corp., 1830 8. 54tb 
Ave., Chicago 54, IIL. 

Belden Mfg. Co., 4633 W. Van Buren 
og Bag I. 

Brand & . Inc., William, Willimantic 


Conn. 
ome yao Co., 50 Church, New York 
Cyt Co., Carol Cable Div., 


Drake Manufacturing Co., 1711 W. Hub 
bard, Chicago 22, Ill. 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 

Phalo Plastics Corp.. Commercial & Fos 
ter, Worcester 8, Mass. 

Switchcraft, Inc., 1828 N. Halsted, Chi 
cago 22, Ill. 

Wire Stripper Co., 1729 Dastham Ave 
East Cleveland 12, Ohio 


Pawtucket 


HEADPHONES and HEADSETS 
Automatic Electric Sales Corp., 
Van Ruren Chicago 11. TI. 
Stromberg-Carlson, A Div. of 
Dynamics Corp., 117 
Rochester 3, N. Y. 


1033 W 


Genera! 
Carison Rad 


HEATING ELEMENTS and UNITS 


Anderson Controls. Inc., 2777 Mannheim 
Rd., Des Plaines, Ill. 
Driver Co., Wilbur B., 
Ave.. Newark 4, N. J. 
General Electric 


.d 
Co., Aqperatus Sales 
Div., Schenectady 5, N. 


150 Riverside 
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READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Heavy, felted asbestos walls are applied over and under the varnished cambric 
tapes ... then thoroughly impregnated . . . then the impregnated asbestos is com- 
pressed to a dense, homogeneous wall that ensures long cable life. 





These Flexible Felted Asbestos Walls in Rockbestos A.V.C.° 
Motor Lead and Apparatus Cables... 





keep your equipment operating dependably 





The dense, felted asbestos walls, thoroughly-impregnated with selected com- 
pounds, are the reason why Rockbestos A.V.C. Motor Lead and Apparatus 
Cables give such outstanding service in all types of equipment . . . will add 
dependability and longer life to your products. 









. Motor leads 


- ; * ‘ Transfor 
These homogeneous “seamless flexible asbestos walls” seal the varnished mers 
cambric from air and moisture . . . provide long-lasting protection against 
conductor-heating overloads and high ambient temperatures. They add 
strength against damage from flexing. And because these cables won't dry 
out with heat or age, won't rot or bloom from contact with oil or grease, and 
won't burn or carry flame, they give you wire “performance protection” — 


that will help your equipment give the type of dependable operation for 
which it was designed. 


7 Resistors 
- Hoists 


Cranes 


“ction and Mi Mo, 
Wiring to ” 
Otors 
To find out more about Rockbestos trouble-free Motor Lead and Apparatus 


Cables, write or call the Branch Office nearest you. 





ROCKBESTOS pPropuctTs Corp. 
NEW HAVEN 4, CONNECTICUT 


NEW YORK ¢ CLEVELAND ¢ DETROIT + CHICAGO « PITTSBURGH «+ ST.LOUIS * LOS ANGELES * NEW ORLEANS «¢ OAKLAND, CALIFORNIA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 383 








LARGE or SMALL 


NYLON or Phenolic 


NEED BRUSH CAPS? 
with Inserts 


or Molded 
Threads 


Write for Triple ““M” Catalog 


ar 


J ois 
AND MANUFACTURING en 


Chicago Phone: Dickens 2-O777 ——=== 
Long Distance: ONtario 2-1320 


PLASTICS . roouinc - COMPRESSION - INJECTION 
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Master Appliance Mfg. Co., 

Still-Man Manuf = aes, 2 
E. 164th, New York 56, N. a 

Syntron Co., Homer City, Pa. 

Vulcan Electric Co., Danvers 2, Mass. 

Watiow Electric Mig. = 1362 Ferguson 


Westinghouse Blectric cor Gateway 
Center, Bldg. No. 3, ‘i 
Pittsburgh $0, Pa. - -_ 

Wieg: Edwin b. 7530 Thoma 


Bivd., Pittsburgh 8, 


HERMETIC SEALS. See Seals and Ter 
minals, Hermetic. 


HIGH-FREQUENCY HEATING UNITS 
Allis-Chalmers, Milwaukee 
; mou 1, Wis. 


Div Schenectady a ” ae Aimee end 
0 tor -. Inc., Sem 
Div., 240 write Ave., andere 1L,N. ¥ 
Westinghouse Electric Gateway 
ee ok No. 3, 401 iberty Ave.. 


HIGH NICKEL ALLOYS. ickel 
Nickel Alloys. ~e - 


HOLDERS, COMMUTATOR BRUSH 
Graphite Metallizi Sue 3 1 epper 
han Ave., ‘Yonkers 3. _ 


Mycalex Corp. of A 
a ee 3° anerte. Ghitton Biva. 
Phoenix 


Mica 
iatet c Mfg. Co., 4211 W. cL. “Se 
Electronents Div., dwen 
Molding & Mfg. Co., Gurnee 96 i 


IMMERSION HEATER UNITS. See Heat 
ing Elements and Units. 


IMPREGNATING Conpesuse. See Co 
ment, Insulating Sealing; Ware 
Compounds. 


INDICATORS, HEAT. See Thermometers 


INDICATORS, SPEED. See Tachometers 
INDUCTION pears. See High-Fre 
quency Heating Uni 


INFRA-RED LAMPS. See Lamps, I 
descent and Infra-red. 


INSTRUMENTS, ELECTRICAL MEAS- 
URING and TESTING 


Mass. 
dame Products, Inc., Chesterland 14 


Ohio 

Associated Research, Inc., 3794 Belmom 
Chicago 18, Ill. 

Automatic Temperature Control Co., Sub. 
of Safety Industries. Inc.. 5234 Pulaski 
Ave.. Philadelphia 44, Pa. 

B&K Manufacturing Co.. 3726 N. Southpor: 
Ave.. Chicago 18, Tm. 

Bristol Co.. Waterbury 20, Sonn. 

Chatillon & Sons, John, 85 Cliff, New 
York, N. Y. 

Color Television Inc.. Belmont 8. Calif 
Electro Products Laboratories, ine. 4501 
N. Ravenswood Ave.. Chicago 40, TIL 

Federal Telephone and Radio _ nett. 
International and Telegrast 
Corp., 100 Kingsland R4., Cliften, 

General Electric Co., ny Apparatus Sales 
Div., Schenectady 5, 

Griebach Instruments oor. Guiton In 
ao gy Ine., 212 Durham Ave., Me 


N. J. 
Holub ‘Industries, Inc., 445 Kim, Sycamore 


Ideal Industries, Inc., 1008 Park Ave. 
Sycamore, Tl! 

Industrial Instruments Ine.. 89 Com- 
ne Rd., Cedar Grove, Essex County, 


7. 
Industrial Test Equipment Co., 55 E. 11th 
New York 8, N. Y. 
International Instruments, Inc., P.O. Bor 


2954. New Haven 15, Conn. 
Minneapolis-Honeywell Regulator Co., 


Boston Div., 1400 Soldiers Field Rd., 
Boston 35, Mass. 

National Pneumatic Ce., Inc., en 
Cabot Div., 125 Amory, Boston 


Mass 

Precision Apparatus Co., Ine., 70. $i 84th 
Glendale 27. L. I.. N. Y. 

Radio Corp. of America, Dept. 0-44, Bldg. 
15-1, Camden, N. J. 

Simpson Electric Co., 5200 W. McKinzie 
Chicago 44, Til. 

Southwestern Industrial Electronics Corp. 
P.O. Box 13058, 2831 Post Oak Rd. 
Houston 19, Texas 

Texas Instruments Incorporated, 6000 Lem 
mon Ave., Dallas 9, Texas 

Universal Atomics Corp., Dept. EM12, 
50 Bond, Westbury, L. 1, N. Y. 

WacLine, Inc., 35 S. St. Clair, Dayton 2 


Ohio 
Waterman Products Co., Inc., 2445-63 
Emerald, Philadelphia 25, Pa. (Oscillo- 


Electrie Corp., Gateway 
Center, a, No. 3, 401 Liberty Ave. 
Pittsburgh 22, Pa. 

Weston Electrical Instrument C A sub. 

# Frelinghuysen 


of Daystrom, Inc., 

Ave., Newark 5, N. 
Wheeico Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


scope) 
Westinghouse 


Instrument Div., 


ET RSRENTS, ELECTRONIC. Seo alse 
Oscilloscopes; Recorders, a 


Animes Temperature Control Co., 
of Safety Industries. Tn.. B23 Pulaski 


Ave., ~~ —— 44 
Div. Beckman Instruments, 
. 2200 Wight Ave., Richmond 3, 


Burroughs Corp., Electronic Instruments 
ys pa. F, 1209 Vine, Philadelphia 


Du’ Mont Laboratories Inc., "aS B., 760 
ton, N. J. 


International 1 Lelephone and h 
sland Rd., Clifton, N. J. 
0. Apparatus Sales Div., 


dy 5 
Gulton Mfg. Co., Gulten Industries. Ine., 

213 Durham Ave., Metuchen, N. J. 
Hastings Raydist, Inc., Hampton, Va. 
Industrial Test Equipment Co., 55 East 
oe New York 3, N. 


brascope, Inc., 808 Western Ave., Glen- 
dale 1, Calif. 
Magnetic 632 Tinton 


Amplifiers, Inc., 
Ave., New York Y 


Minneapolis- Honeywell “Regulator Co., 


Boston Div., 1400 Soldiers Field Rd., 
Boston 35, Mass. 

Radio . of America, Dept. 0-44, 
oa 15-1, Camden, N. J. 
born Co.. Jodystrial Div.. 39 Osborn. 
mcainbridge” 38 39, 


s Oo. "5200 W. McKinzie, 
Chicago ae 


it 
Southwestern Industrial Electronics Corp., 
P.O. Box 13058, 2831 Post Oak Ea., 
Houston 19, Texas 
Weston Electrical Instrument Co., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


mer aus Beare. LABORATORY 
STAND 


Acme cote: Corp., Cuba, N. Y. 
Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc.. 5234 Pulaski 
Ave., Philadelphia 44, Pa. 
Bristol Co., Waterbury 20, Conn. 
Clarostat Mfg. Co., Inc., Dover, N. H 
Products Laboratories, ‘Inc., 4501 
Ravenswood Ave., Chicago 40, Il. 
ena a a Co, A Sales Div, 


Schenectady 5 

Gulton Mfg. Co., Gulton Industries, Inc., 
712 Durham Are., _ Metochen, x i. 

Minneapolis- Honeyw Co., 
Boston Div., 1400 Msoidions Mfieid Rad., 
Boston 85, Mass. 

Radio Frequency Laboratories, Inc., Boon- 
ton, N. J. 

Westinghouse Electric * teway 
Center, Bldg. No. 3, Pg Ave., 
Pittsburgh 22, Pa. 

— Electrical eee coupe A sub. 

. Ine. 

Sve Newark 5, NJ. 

Wheelco Instruments Div., Barber-Coleman 
Co., 1408 Rock, Rockford, IL 


INSULATING MATERIALS, See follew- 
ing specific headings: 
Cement, Insulating and Sealing 


Cerami 
Cerk and Cork Compositions 
Fabrics, Insulating 


Felt 

Fibre, Vulcanized 

Glase- Bonded 

Insulation, Wire and Cable 

Mica, soles ly Laminated 

Paper, Insulating 

Plastics-Molding. Laminating, Casting 
and Extrusion Compounds 

, Sheets, Rods and Tubes 
Rubber and Rubber Products 


a 
—" , Asbestos 

riction and Splice 
thetic Resin 


Paper 
Tubing and Sleeving, Braided Fabric 
ng and Sleeving, Extruded Plastic 
Varnishes, Compounds and Resins, In- 
sulating 
Wares and Compounds 


INSULATION, WIRE ona CABLE 
(Ceramic and Synthet 


American — Ge.. oo a 5, Tenn. 
es Co., oS. of Union Carbide & 
om ae 2 20 Lexington Ave., New 

Tork 17 


Dobeckmun psd io Monroe Ave., Cleve- 


du Pont de Nemours & Co., (Inc.), FE. L., 
Plastics Div., [pence Dept. 
Wilmin 9 

General Electric Co Tenesenstten Mate- 
rials Div. 

Goodrich Chemical _B. F., 3185 Euclid 
Ave., Cleveland 1 0 


Francisco 4, i 

Schenectady Varnish Co., o- P.O. Box 
1046, Schenectady, N. 

Shawinigan Resins ‘cor. "5106 Monsanto 
Ave., Springfield 1, Mase. 

Sprague Electric Co., 307 Marshall, North 
dams, “Mass. 

U._ 8. Rubber Go.., Rockefeller Center, New 
York 20, N. Y. 


IRONS, SOLDERING. 
Equipment. 


See Soldering 


sept Arons, VIGRS TION and SHOCK. 
Bee Mountings, Rubber and Synthetic. 
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READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


pecify & COILED CORDS 


oo important convenience 
and safety features to 
your equipment! 





Cords Limited COILED CORDS are 
engineered for specific application! 


Coiled Cords, first choice in the communications industry, find numerous 
important applications in other fields! In addition to user convenience, 
Cords Ltd. Coiled Cords provide a safety factor preventing costly industrial 
accidents. Maintenance-wise, Coiled Cords give much longer service than 


straight cords by eliminating common abuses that shorten serviceability. 


Product Data: A leader in the development of Coiled Cords, Cords 
Limited is a major supplier of this product to the telephone and communica- 
tion industries. Coiled Cords are engineered for specific applications. Special 
oil, acid and moisture resistant properties of the jackets protect the product 
under unusual conditions. The most modern molding facilities for plug and 
conductor termination are available at Cords Limited to serve your needs 


quickly and economically! 





WRITE TODAY for complete details... your quotation 


requests will receive immediate attention! 







® 


CORDS LIMITED DIVISION 


ESSEX WIRE CORPORATION 
DeKalb, Illinois 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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other outstanding 


*ESSEX ENGINEERED 
production proven products 


RBME 
GENERAL PURPOSE RELAYS Y 
A.C. or D.C. General Purpose Multipole re- 
lays. For circuit switching of electrical inter- 
locking remote control devices. Features 
special cross-bar contacts for low-voltage, 
low current circuits or button type contacts for 
power switching circuits. Request Bulletin 
No. 1060. 
R-B-M “Control” Division 
Logansport, Indiana 


WIRE AND CABLE 


A full “Extra Test®” line of lead, appliance, 

automotive and refrigeration wires, plus sub- 

mersible pump cable and 200° C. Sil-X® 

insulations are examples of the versatility of 
“Essex Engineering”. 

Wire and Cable Division 

Fort Wayne, Indiana 





The CORDINATOR®, a time-saving engi- 
neering tool, features simplified charts show- 
ing approved wire by product types. Dial 
side permits visual fabrication of cord sets 
and power supply cords. All components 
standard approved... minimizing cost... 
assuring scheduled delivery. Write for your 
free CORDINATOR. 

Cords Limited Division 
DeKalb, Illinois 


sESSEX 


WIRE CORPORATION 
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Staggered 
starting of 
electric 
motors... 


" AGASTAT 


Time / Delay / Relay 





AGASTAT allows you to stagger the starting of three motors 
without imposing their load on the line at the same time. 
The AGASTAT is ® electrically actuated, pneumatically timed. 
® light, versatile, dependable. 
® instantaneous recycling. 
® adjustable in timing from 0.1 second to more than 
10 minutes. 
® available in AC or DC models which offer delays 
on energizing and de-energizing, manvally-actuated 
time delay switch, remote push button control, her- 
metically-sealed units. 


Write our application engineers for help with 
your timing problem. Address Dept. A25-321. 


Elastic Stop Nut Corporation 
of America 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 





TE 


Eighth Avenue: 


45,107 Advertisements 
describe the products of 


New York 1 





11,859 Advertisers 


B 

a 

4 
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a 
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3 
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We 2300 SMS, SOCRIOFG, Jil. 


Bee Mountings, Hubber and Synthetic. 
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JEWEL LIGHT ASSEMBLIES. 
Lights, Pilot and Indicator. 


See 


KNOBS, CAPS and HANDLES, MOLDED 
Chicago Molded Products a 10% N 
it, ii. 


Kolmar Ave., a 

Davies Melding Harry, 1428 N 
Wells, Chicago 1 ‘l. 

Kurz- Te. Inc., 1419 S. Broadway, Day 

Midwesi Molding & Mfg. Co., Gurnee 96 

Richardson Co., 2799 Lake, Melrose Park 


Rogan mongers. 8027 N. Monticello Ave 
Skokie, Ill. 


LACQUERS, ENAMELS, PAINTS ane 
VARNISHES, FINISHING 

Allied Research Products, Inc., 4004-00 
E. Monument, Baltimore 5, Ma. 

Aluminum Co. America, Alcoa Bidg.. 


Pittsburgh 19, Pa. 
Bakelite Co., A Div. of Union Carbide 4 
New 
— . 


Carbon Cup. on Lexington Ave., 
York 17, 
Dow dein Midland, Micb 
(Silicone Resins & Varnishes) 
du Pont de nome £ Co., (Inc.), E. 1. 
Finishes Dept., Imington 98, Del. 
Midiend Industrial unt shes Co., Waukegan 
Siete Williams Co., General Industria) 


Div., Cleveland 1,° Ohio 
LAMINATED METALS, PRECIOUS ano 
BASE (Sheet, Tube and Wire) 
Inc., 113 Astor, Newark 5, 


Baker & Co., 
N. J 


Brainin Co., C. S., 320 Washington, Mi 
Vernon, N. Y. 

General Plate Div., Metals and Control» 
Corp., 1903 Forest, Attleboro, Mass. 

Be Harman, 82 Fulton, New York 


Wilson Co.. H. A., Route 22, Union, N. J 
LAMINATED PLASTICS. See Plastics 


LAMINATIONS, MOTOR and 
TRANSFORMER 


Laminations Co., Box 13, 300 Main, Stam 


ford, Conn. 
Magnetics, Inc., Dept. EM-32, Butler, Pa. 


Thomas & Skinner Inc., 1114 E. 28ra 


Indianapolis 7, Ind. 


LAMPS, FLUORESCENT 


o- ras etiie Co., Nela Park, Clevelanc 

. oO 

Westinghouse Wlectric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


LAMPS, INCANDESCENT and 
INFRA-RED 

General Electric Co., 
12, Ohio 

Westinghouse 


Electric Corp Gatewa; 
Center, Bldg. No. 3. 401 Liberty Ave 
Pittsburgh 80, Pa. 


Nela Park, Clevelanc 


LAMPS, MERCURY VAPOR 
General otto Co., Nela Park, Cleveland 


12, 
Westinghouse Electr: ., Gateway 
Center, Bidg. No. Ay 401 berty Ave. 


Pittsburgh 30, Pa. 


LAMPS, MINIATURE 
eator) 


General Electric 


(Pilot and Indi. 


Co., Miniature Lamp 


Dept., Nela a. ee 12, Ohio 
Westinghouse Elec Corp., Gateway 
Center, Bidg. No %. 401 Liberty Ave 


Pittsburgh 80, Pa. 


LAVA. See Ceramics. 


LAYOUT FLUID 


Dykem Co., 2303F N. 
Mo. 


llth, St. Louts 6 


LENSES, PRESSED GLASS 

Corning Glass Works. Technical Products 
Div., Corning, N. 

Kopp Glass, Inc., Setaseate, Pa. 


LIGHTING FIXTURES 


Killark Electric Manufacturing Co., Van- 
cocaine and Easton Aves., St. Louis 13 
0. 


LIGHTS, PILOT and INDICATOR 


Alden Products Co., Inc., 117 N. Main. 
Brockton, Mass. 

Arrow-Hart & Hegeman Electric Co., 1 
Hawthorne, Hartford 6, Conn. 

Cannon Electric Co., Dept. 500, 8209 
Humboldt, Los Angeles 31, Calif. 

Crouse-Hinds Co., Syracuse i, N. ¥. 

Dishes & Corp., 44 Stewart Ave., Brooklyn 


Drake a Co., 1711 W. Hub- 
bard. Chicago 22. Ill. 

General Electric Co., Miniature Lamp 
Dept., Nela Park, Cleveland 12, Ohio 

Hart Migatestestos ‘Co., 211 
Ave., Hartford 1, Conn. 

Hetherington Inc.. 1200 Elmwood Ave.. 
Sharon Hill, Pa. 

Johnson Co., E. F. 2831 Second Ave., 
8.W., Waseca, Minn. 


Pass & Seymour, 
Syracuse 9, N. Y¥ 


Inc., Solvay Station, 


Pyle-National Co., 1888 N. Kostner Ave., 


Chicago 51, Ill. 
Square D Co., 4041 N. Richards, Mil- 
waukee 12, Wis. 


LOCKNUTS and LOCK WASHERS 
teners. 


LUBRICANTS 

Alpha Molykote Corp., 
Stamford, Conn. 

Fluidwick te 5819 East Outer Dr., Detreit 


34. Mic 
a“ ou "Co. , 50 W. 50th, New York 20, 


65 Harvard Ave., 


LUBRICATORS, OIL and GREASE 


Fluidwick Co., 5319 East Outer Dr., Detroit 
34, Mich. 

Gits Bros. Mfg. Co., 1846 8. Kilbourn 
Ave., Chicago 23, ‘ml. 

Madison-Kipp Corp., 201 Waubesa, Madi 
son 4, Wis. 


LUGS and TERMINALS 


AMP Incorporated, 2100 Paxton, Harris- 
burg, Pa. 
American Brass Co., Waterbury 20, Conn. 


Buchanan Electrical se Corp., 225 
Route 22, Hillside, N. 

Burndy Corp., Omaton Dir. Norwalk. 
Conn. 


Cambridge Seemieals Gao. , 453 Concord 


Ave., Cambridge 38 
Hart Manufacturing Co., aii Bartholomew 


Ave., Hartford 1, Conn. 
Heyman Mfg. Co., Kenilworth 1, 
Hollingsworth Co., palaerions Termin! 


Div., Phoenixville Pa. 

Iisco Corp.. Mariemont Ave., Cin- 
cinnati 27, * Onto 

Johnson Co., E. F., 2881 Second Ave., 
S.W., Waseca, Minn 

Jones Div., Howard 5. * Cinch Mfg. Corp.. 
Chicago 24, Ill. 

Krueger & ecocti. 1041 Evans, Cin- 
cinnati 4, 


Malo Too! and ‘Manufacturing Co., 4021 
W. Lake, Chicago 24, I 
Mycalex Corp. of America, Clifton Blva.. 


Clifton, N. J. 
a Co., 35 Verona Ave., Newark 4, 


Seaiectro Corp., 610 Fayette Ave., Mama- 


oneck, 
Shakeproof Div. of Illinois Tool Works, 
St Charles Rd., Elgin, Ill. 
Sherman Manufacturing Co, H. B.. 
Battle Creek, Mich. 
Thomas & Betts Co., 28 Butler. 
Elizabeth 1, N. J. 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, IN. 


Inc., 


MACHINES. See specific headings. 


Balancing; Coil Winding; Print; Rivet 
Setting; Strippers, Wire; Vibration 
Test. Also see Marking Machines and 
Devices. 


MAGNETIC AMPLIFIERS 
Airpax croteess Co., Middle River, Balti 
d 


Berkeley Div. of Beckman Instruments 
Inc., 2200 Wright Ave., Richmond 3 
Calif. 

Eseco Works, Delta-Star Div., H. 
Porter Co., Inc., Lockport, Il. 
General Electric Co., Ayperume Sales 
Div., Schenectady 5, N. Y. 

Kearfott Co., Inc., 1378 Main Ave., 
Clifton, N. J. 

Magnetic Amplifiers, Inc., 632 Tinton Ave 
New York 55. N. Y. 

Minneapolis-Honeywell Regulator Co., 
Boston Div., 1400 Soldiers Field Rd., 
Boston 35, Mass. 

Vickers Electric Div.. pie Inc., 1803 
Locust. St. Louis 3. 

Westinghouse Electric Gateway 
Center, Bidg. No. 3, oo iberty Ave.. 
Pittsburgh 22, Pa. 

MAGNETIC BRAKES. See Brakes. Mag 


netic. 


MAGNETIC MATERIALS. See Steel Elec 


trical; Magnets, Permanent; Magnetic 
Recorder Components; Powdered Metal 
Products. 


MAGNETIC RECORDER COMPONENTS 


Driver Co., Wilbur B-. 150 Riverside 
Ave., Newark 4, N. 

Minnesota Mining & Mtg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 

Stromberg -Oarlson, _ Div. 
Dynamics Co, 117 Carlson 
Rochester 3. Y 


of Genera! 
Ra 


MAGNETIZERS and DEMAGNETIZERS 


Radio Frequency Laboratories. Inc 
Boonton, N. J. 
MAGNETS, PERMANENT 


Arnold Engineering Co., Marengo, Ll! 
Crucible Steel Co. of America, Chamber of 
Commerce Bldg., Pittsburgh 19, Pa. 
General Electric Co., Metallurgical Prod- 
ucts Dept., 11131 E. 8 Mile Ave., De 


troit 32. Mich. 
Engiens Steel Products 


Ind. 
Thomas & Skinner Inc., 
dianapolis 7, Ind 


Co., 
1114 E 23rd, In- 


Valpariso. 
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DeKalb, Illinois | 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 385 


Fags yp STABI LIN EB’ “7c Voitage Regulators 
G00 







i 


STABILINE type IE (instantaneous Electronic) is available in 115 





9 B volt units — input f 95-135v. and 230 volt units — in- 
“Here’s how to Build-in put range from 195-7550, STABILINE type IESTOIR shown above. 
Automatic Voltage Regulation’ 

Three types of STABILINES 
= ‘ . a Ea : are available for 
No matter how good your control instrumentation is, it is not going Saiitahdcel wana 
to be precisely accurate at all times unless the input voltage is precisely Coes SE tietnieinneess Midiaadi t 
completely electronic, instantaneous in 
constant. action, with no moving parts. Constant 
ae - - ‘ output voltage is maintained regardless 
You just can’t get better automatic voltage regulation equipment than of line or load fluctuations. 
° ° : ° Type EM (Electro Mechanical) has zero 
with this STABILINE. At no load, full load or any intermediate stage it pr gt among cong pone 
: : . . Highly efficient. 
maintains constant output voltage regardless of line fluctuations. Type TM (Tubeless Mognetic) has no 
‘This sensitive, yet ruggedly constructed, automatic voltage regulator Seve ead ics camaetahiammman en 
° ° ad where failure can never be tolerated. 
is a must component in today’s voltage sensitive apparatus.” rae tree 


THE SUPERIOR ELECTRIC company 
803 BRADLEY AVENUE, BRISTOL, CONNECTICUT 


Please send STABILINE Bulletin S657 ((} 
Have your representative call [} 


Be sure to see x 


SUPERIOR ELECTRIC’S 
Moblie Display 
when it is in your area 


REE Sect. ara ate a GG cs 5s a w Riots Rage new le aie 
Offices: Los Angeles, California * San 
Franchen, Colllessio * Yeronte, Ontoric, | NE Ss 8 hk sin adh A ig Wy get -ai-oeuhadoiw’ 3 Sud aha w ra snes a 
Conada * Miami, Florida « Chicago, Illinois | 
Baltimore, Maryland + Detroit, Michigan ET I SR aN OE kN cdrdin a o,c eh ane Ska WR ee phie Oro Oe Gea Gees ae 
New York, New York «* Cleveland, Ohio | ss al 

Dallas, Texas * Seattle, Washington | City Zone State 
fet Pm anatase 
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THIS NEW-TYPE TAYLOR WIRING DUCT 


Pat. Pending 


You simply lay your wires in the duct, run them through holes 
to terminals, then snap on the cover — THAT’S ALL. No moving 
parts. No time wasted with hinges, cover screws, or mounting 
brackets. 


CPRE ae 6 a 2 REPEL, eek Le; am 





It’s a new concept in wiring automation control panels. It speeds 
up production; eliminates old-fashioned, time-wasting lacing, 
bundling, or flat-wiring. Quick-and-easy maintenance! 


Taylor Wiring Duct is non-combustible; resists acids and alkalis 
— warp-proof, too, with high-impact strength. Although tough 
and rigid, it can be cut with a saw, tinsnips, or even a pocket knife. 


Wider range of sizes than 
any other duct — 


From %” x %” up to 
4°wWx3"H 
Made of tough Vinyl 
Plastic 





WRITE FOR SAMPLE, LITERATURE, AND PRICES 
TAYLOR ELECTRIC, INC. 
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MOTORS 




















|_»- 
Miniature Timing Motors, Geared | = A 
"Subtraction, Under 1/20 Hp. |B |e | > | 8 
Fractional, 1/20, % Hp. F | G | H J 
Integral, 1 to 744 Hp. sh M 
Integral, Over 74 Hp. .§ | N ° s P 
Gearmotore Pd R 7 
Generators U Vv w 
Low Voltages (Under 110) —s Y Zz & 





Acro Manufacturing Co., Columbus 16, 
Ohio (B) 
Milwaukee 1, Wis. (KL- 


a an 
NOQRUV 
Allis Co., The Louis, Milwaukee 7, Wis 
(KLNOQRUVYZ) 
Baldor Electric Co., 4353 Duncan Ave., 
(FGKLN) 


St. Louis 10, Mo. 
Barber-Coleman Co., Dept O, 1808 Rock, 


. (BCEYZ) 
Bodine Electric Co., 2256 W. Ohio, Chi- 
cago 12, Ill. (ABCDEFGHIQRTYZ£) 
Borg Equipment Div., Costin” ° 
Corp., Janesville, Wis. 5) 
Bristol Motor Div., Vocaline Co. of Amer- 
ica, Inc., Old Saybrook, Conn. (A) 
Cmte Electric Co., 1806 Pine, St. Louis 
VwYz 


Ave.. Cleveland 8, Ohio (FENQ) 

Controls Corp. of America, Soreng v., 
9551 Soreng Ave., Schiller Park, Ill. (F) 

er Controls Corp., Box 8, iter - 
brook, Conn. (A) 

Diehl Manufacturing Co., Electrical Div. 
of The pineer Manuf ecturing Co., Somer- 
ville, N. (BCFHKNV) (Servo) 

Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg, Wis. (FGKL) 

Bastern Air Devices, Inc., 383 Central 
Ave., Dover, N. H. (ABEFIJQTU) 
(Servo) 

Eaton Mfg. o. Dynamatic Div., Kenosha, 
Wis. (FEN 

Eclipse- Pioneer Div., Byes Aviation 
Corp., Teterboro, N. J. (Serve) 

oa Motors, Inc., jan. Calif. 
(F 

Electric Specialty Co., 221 South, Stam- 
ford. Conn. (FGJKLMNOPUVWYZ) 

El_Ray Motor Co., Inc., 11747 Vose, N. 
Hollywood, Calif: (BCQ 


Emerson Electric Mfg. 


RZ) 

Co., St. Louls 21, 
Mo. (FGIKLMQR) 

Fasco Industries. Inc., 


Rochester 2, N. Y. 
(BCDFGHYZ&) 
General Electric _ so Sales Div., 
Sepenectety 5. 
(BCD EFOHIKLMNOPQRSTUVWYZ&) 
Elyria, 


Dayton 4, Ohio 


Haydon Co., A. W., 234 N. Elm, Water- 
bury 20, Conn. (CXZ) 

Haydon Mfg. Co., Inc., 2527 Elm, Tor- 
rington, Conn, (ABCXYZ) 

Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (BCDFZ) 

Holtzer-Cabot Motor Div., Nationa] Pneu- 
matic Co., Inc., 125 Amory, Boston 19, 
Mass. (ABCEFGHIJQUVYZ) 

Howard Industries, Inc., 1760 State, 
Racine, Wis. (ABCDEFGHQRTUVYZ) 

Howell Electric Motors Co., Howell, Mic» 
(FGELMNOPQRT) 


General Industries Co., Dept. GL, 
Ohio (BQYZ) 


Globe Industries, Inc., 
(BC) 


(FE) 
Kearfott Co., Inc., won Ave., Clif- 
ton, N. J. (Servo) 
Lamb Electric Co., Kent, Ohio (BCDEF 


Marathon Mfg. Corp.. Cherry & 
ee. Wausau, Wis. (FGKLNOUYV) 


aa Mfg. Co., Racine 2, Wis 
(CDGH 
Master Electric Co., Dayton 1, Obie 
(FGJKLMNOPQRTUVW) 
Minneapolis-Honeywell Regulator O©o., 
Boston Div., 1400 Soldiers Field Rd., 
Boston 35, Mass. (Servo) 
Motoresearch Co., 1600 Junction Ave., Bs 


cine, Wis. (BQY) 

Oster Manufacturing Co., John, Avionie 
Div., Racine, Wis. (BCFGHUVY&) 
(Servo and Synchro) 

Packard Electric Div., General Motors 
Corp., Warren, Ohio (FG) 

Portable Electric Tools, Inc., 320 W. 83ra 
Chicago 20, Ill. (GHL) 

Rae Motor Corp., 2009 Kewanee, Racine, 
Wis. (BCDFGHYZ&) 

Redmond Co., Inc., Owosso, Mich. (BY) 

Reliance Electric & inaeneering. Co., 1054 
Ivanhoe Rd., Cleveland 10, Ohio 
(FGELNOV) 

Reuland Electric Co., Alhambra, 
(KNQ) 

Robbins & Myers, 

Springfield, Ohio (BCDEFGJENU) 
gs Co., Loyd, Festus, Mo. (BCD 


YZ&) 
Smith Corp., A. O., Electric Motor Div.. 
Tipp City, Ohio (FEN) 
Ster!| Electric Motors, Inc., 5401 Tele 
ph | a Los Angeles 22, Calif 
) 


Sutton Corp., O. A., Wichita, Kan. (BF 

Technical Jlectronics Corp., 4060 Ince 
Bivd., Culver City, Calif. 

Ther Blectric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. 

Transicoil Corp., 
Quarryball Road, 
(Servo) 


Call 


Germantown Pike @ 
Fairview Village, Ps 


Westinghouse Electric Corp., Gateway Cen 
ter, Bidg. No. 8, 401 Liberty Ave.. 
Pittsburgh 22, Pa. (BCDEFGHJKLM 
NOPQKSZ&) 

Wagner Blectric Corp., 6454 Plymouts 
Ave., St. a 14, Mo. (FGKLNYZ) 
Western Gear P.O. Box as. Lyp- 

wood, Calif. CBCGK LQRUY 





MAGNET WIRE. See Wire, Magnet. 


MARKERS, IDENTIFICATION 


Brady Co., W. H., 727 W. Glendale Ave 
Milwaukee i2, Wis. 


and Co., William, Willimantic, Conn 
National Bene & Tag Co. Dept. 6-64 

Newport, 
Randolph Ave., Wood 


Natvar © 
rae ip. x: 


MARKING MACHINES and DEVICES 
(For a a Foil, Plates, ete.) 


Brady Co., W 727 W. Glendale Ave., 
Milwaukee 12 “Wis 
Kingsley Stamping Machine Co.. 850 


Cahuenga, Hollywood 38, Calif. 


MATERIALS HANDLING EQUIPMENT 


Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 18, Del. 

National Vulcanized Fibre Co., Wilming 
ton 99. Del. 

Robbins & Myers, Inc., Crane & Hoist 
Div., Springfield, Ohio 

Soeulding Fibre Co., Inc., Tonawanda 


MERCURY RELAYS. See Relays. 


MERCURY SWITCHES. See Switches 


METALLIZING EQUIPMENT 


Metallizing Engineering Co., 


Inc., 1118 
Prospect Ave., Westbury, L. I, N. ¥ 


METALS, LAMINATED. See Laminatec 
Metals, Precieus and Base. 
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METALS, PRECIOUS. See Goki; Lemi- 
nated Metals; Platinum; Silver. 


METALS, PRE-PLATED. See Pre- Plated 
Metals. 


METALS, RARE 


ween Saeed Corp., North Chi- 

cago, . 

yy & Co., Inc., P. B., Indianapolis 
» Ind. 

Wilson Co., H. A., Route 22, Union, N. 2 


METERS, HOUR 


Haydon Mfg. Co., Inc., 2526 Elm, Tor- 
rington, . 

Hobbs Corp., John Div. of Stewart- 

ne OTs. Yale Bivd., Spring- 
eld, Ill. 

Industrial Timer Corp., 1411 McCarter 
Highway, Newark 4, N. J. 

MICA, GB ies-Senees. See Glase- 
Bonded Mica. 


ane melnee one pe. Tubes 
Sheets, Wash ape, u nes 
Segments, W 


a & Co., Inc., Witten, Willimantie, 


Continnatel- Diamond Fibre Div. of The 
Budd Co., Inc., ae 2 . Del. 
General Electric Co. 
Dept., Coshocton, one 
Insulation Manufacturers Corp., 565 W 


Washington Blvd., Chicago 6, IIL. 
Macallen Co., Bay Rd., Newmarket, N. H. 
Mica Insulator Co., Sub. of Minnesota 

Mining and Manufacturing Co., Schenec- 

tady 1, N. Y. 

New England Mica Co., Inc., 66 Weeré 

Ave., altham 54, Mase. 
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READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 387 


How National Electric Coil Co. uses J-M Quinterra’ 


to make their insulations 





resist higher temperatures 


Quinterra 


-_— —_——— 


High temperature problems in the electric field are 
constantly being solved by the National Electric Coil 
Company of Columbus, Ohio. One of the most effective 
solutions is their Silicone Insulation, specially developed 
for Class H motors and other high temperature 
applications. 


National Electric Coil picked Johns-Manville’s Type 3 
Quinterra as the base material for this insulation. Its 
dielectric strength exceeds 225 VPM even after extended 
exposure to temperatures of 300C. Made from highly 
purified asbestos it resists corrosion, rust, rot, chemical 
fumes, solvents, acids, and alkalies. Specially treated 
with a silicone saturant, it is relatively unaffected by 
moisture. Strong and flexible, it will not crack or craze. 


These basic properties are enhanced by National 
Electric Coil through further treating with a moisture- 
resistant silicone varnish and adding a layer of high- 
strength glass cloth. The result is a superior electrical 
insulation for use as a Class H slot liner. 


For further information about Quinterra write 
Johns-Manville, Box 14, New York 16, N. Y. 


National Electric 
Coil uses this 
Quinterra base 
Silicone-glass 
composite as slot 
liners in their 
extensive motor Roll of J-M Quinterra Type 3 is here being 
repair operations. treated with silicone varnish at National 
It is also available to Electric Coil plant. 

others as Catalog 

#8A343 from their 

Columbus, Ohio, 

factory. 








Johns-Manville ELECTRICAL INSULATIONS JU 


MADE OF PURIFIED ASBESTOS 
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ELECTRICAL PORCELAIN 


built to your drawing 
Send us 


specifications 


your inquiries 


s and 





AVAILABLE IN 
FOUR TIME RANGES 


7 MINUTES 
14 MINUTES 
28 MINUTES 
56 MINUTES 


WITH “HOLD” FEATURE 
if desired 


dep ndabli 


taal a ha 


eh) 3 8! 


e277 OTs 


il: 


SWITCHES 












illustrated above: 
MODEL 1-102 (for mounting di- 
rectly on sheet metal panel) $9.00 
Also available in metal box with 
or without signal light. 


More than just a warning de- 
vice, Cissell Time Switches open 

- or close . . . an electrical 
circuit at the end of a specified 
time period. They are adaptable 
to a wide variety of mountings. 
GUARANTEED for 1 year. 

We welcome an opportunity 
to prove that we have the 
answer to YOUR time switch 
problem. Contact us now for 
detailed information. 


CURRENT RATING: AL- 
TERNATING CURRENT 115 
or 230 VOLT, 4 H.P. SINGLE 
PHASE, 10 AMPERES, INDUC- 
TIVE OR NON-INDUCTIVE. 


W. M. CISSELL MFG. CO., INC. 
631 S. First St., P. O. Box 1143 
LOUISVILLE, KENTUCKY 











Reeves, 2 EMSs SU 2S eU, 
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MICA UNDERCUTTERS 


Ideal Industries, Inc.. 1008 Park Ave. 
Sycamore, Il. 


MICROPHONES 
American Microphone, spovtrentes Div. 
Elgin National Watch Co., 370 S. Fair 
Oaks Ave. a Calif. 
Continental-Diamond ‘Fibre Div. of The 
. Inc., Newark 13, Del. 
Co., Agotretes Sales 
Div., mz. 


General Co., Chemieal Div., 1 
Plastics Ave., Pittsfield, Mass. 
Mica Insulator Co., Schenectady 1, N. ¥ 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Piss 
tics; Rubber. 


MOLYBDENUM—(Sheet and Wire) 
See also Contacts. 


Fansteel | en Corp., North Chi 


, Inc., P. B., Indianapolis 


MOTOR BASES, ADJUSTABLE 

Allis-Chalmers, Milwaukee 1, Wis 

Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, Til. 


MOTOR CONTROLS and STARTERS 
oe reeees. Motor; Push Buttor 
Stations. 


MOTOR GENERATOR SETS 


Kato Engineering Co., 128 Maxfield Ave., 
Mankato, Minn, 

Leach Corp., Inet-Palmer Div., 4441 8 
Santa Fe Ave., Los Angeles 58, Calif 


MOTORS and GENERATORS. See Motors 
Table on page 388. 


MOUNTINGS, RUBBER and 
SYNTHETIC 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ih 

U.S. Rubber Co., Rockefeller Center, New 
York 20, N. Y. 


MOVEMENTS, CLOCK and TIMING 


Haydon Co., A. W., 234 North Eim, 
Waterbury 20, Conn. 

Haydon Mfg. Co., Inc., 2527 Elm, Tor- 
rington, Conn. 


NAME and INSTRUCTION PLATES 

Brady Co., W. H., — W. Glendale Ave. 
Milwaukee 12, Wis. 

Mica Insulator Co., 
Mining & Manufac turing Co., 
tady 1, N. Y. 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 

Alloy Metal Wire Div., H. K. Porter Co., 
Inc., Prospect Park, Pa. 

American Brass Co., Waterbury 20, Conn. 


Sub. of Minnesota 
Schenec- 


(Cupro- Nickel) 
i a ee & Copper Co., Waterbury 20, 
oa Co., Wilbur B., 150 Riverside 
Ave., Newark 4, J. 


Driver-Harris Co., Harrison, N. J. 
Elgin National Watch Co., Ordnance Div., 


Elgin, Ml. (Cobalt Nickel) 

General Plate Div., Metals and Controls 
Corp., 1903 Forest, Attleboro, Mass. 
International — Co., Inc., 67 al 
New York 5, ae 

Penn Precision "Pretest, Inc., 501 Cres- 
cent Ave., Reading, Pa. (Strip) 

Revere Copper & Brass, Inc., 230 Park 
Ave.. New York 17, N. Y. 

Riverside Metal Co., Div. H. K. Porter 
Co., Inc., Riverside, N. J. 

Somers Brass Co., Inc., 110 Baldwin Ave., 
Waterbury, Conn (Strip) 

Superior Tube Co., Norristown, Pa. 


(Tubing) 


NICKEL-SILVER 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn. 
Chase Brass & Copper Co., Waterbury 20, 
Sonn. 

Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. (Strip) 
Revere Copper & Brass, Inc., 230 Park 

Ave.. New York 17, N. Y. 
Riverside Metal Co., Div. H. K. Porter 
Co., Inc., Riverside, N. J. 
Seymour Manufacturing Co., 


Seymour, 
Conn 


NON-MAGNETIC IRON and STEEL 
See Steel, Stainless 


NUTS. See Fasteners. 


OHMETERS. See Instruments. 


OILERS. See Lubricators, Oil and Grease 
OSCILLATORS. See Instruments. 


OSCILLOSCOPES. See also Instruments. 
Electronic; also Recorders, Oscillographic 


DuMont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegrapb 
Corp., 100 Kingsland Rd., Clifton, N. J 


arTc., Sie Ve, seee. 
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General Electric S- ovaretus Sales Div.. 


mes re 5. Tube, Dt e 

Hu wir v. 

Hughes a Aieralt Ce Co., Internati Air- 
. Los Angeles 45, Re 


out 
nano © . of America, Tube Div., 


rison, N. J. 

Simpson Electric Co., 5200 W. McKinste. 
Chicago 44, Ill. 

Waterman Products Inc., 2445-68 


Emerald, Philadelphis ints, ‘Pe 

Weston Electrical Instrument a. -» A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


PACKAGING. See Boxes and Crates 
Containers, Packaging and Shipping 


PACKINGS. See Gaskets. 


PAINTS. See Lacquers, Enamels, Paints 


and Varnishes, Finishing. 


PALLADIUM. See Platinum and Pilst- 
inum Products. 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 


Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn. 

Bristol Co., Waterbury 20, Conn. 

Clark Controller ae 1146 ft 152na 


Cleveland 10. 
age Signal tae ° 202 20th, Moline 1. 


General Electric Co., Apparatus Sales Div.. 
momanectany 5 nN. ¥. 

eT ht lectric Co., 99 Plum, Tren- 
ton 2 

Square D 0 on N. Richards, Mi)l- 
waukee 12, 
Ward Eaceet Srrectric Co., 34 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


PANELS, DIAL. See Dials and Panels 


PANELS, SHEET STEEL. 
Metal Fabricators. 


South 


See Sheet 


PAPER, INDUSTRIAL 


Cottrell Paper Co., Inc., 88 Purchsse. 
Fall River 1, Mass. 
Hollingsworth & Vose Co., East Walpole. 


Mass. 

Mosinee Paper Mills Co., Dept. EM. 
Mosinee, Wis. 

West Virginia Pulp and Paper Co., 238 
Park Ave., New York 17, N. Y. 

PAPER, INSULATING 

Acme Wire Co., 1255 Dixwell Ave., New 


Haven 14, Conn. 
Continental-Diamond Fibre , of The 


Budd Co.. Inc., Newark 13, 
Cottrell]. Paper Co., Ine., penton. 
Fall River 1, Mass. 
mun Co., 3301 Monroe, Cleveland 
18, Ohio 
General Electric Co., Plastics Dept.. 
Decatur, Ill. 


Hollingsworth & Vose Co., East Walpole. 


Mass. 
Insulation Manufacturers oP 565 W 
Washingten Blvd., Chicago th. 

Irvington Div., Minnesota Mining & 


Manufacturing | Co., 9 Argyle Terrace. 
Irvington 11, J. 

Johns-Manville, "he 14, New York 16 
. % 

Mica Insulator Co., Sub. of Minnesota 
Mining & ayes Co., Schenec- 
tady 1, N. 

Mosinee ao Mills Co., Dept. EM. 
Mosinee, Wis. 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. Z 

Inc., Tonawands. 


Spaulding Fibre Co., 
ms Me 


West Virginia Pulp and Paper Co., 
Park Ave., New York 17. Y. 


230 


PAPER, PHOTOGRAPHIC 
REPRODUCTION 


Bastman Kodak Co.. Rochester 4, N. Y. 
Ozalid, A Div. of General Aniline & 
Film Corp., Johnson City, N. Y. 


PAPER, TRACING. See Tracing Cloth 


Film and Paper. 


PARTS FEEDERS, SELECTIVE 
Syntron Co., Homer City, Pa. (Vibrator) 


PERFORATED MATERIALS 


Harrington & King an Co., Ine.. 
5657 Filmore, Chicago 44, I 


PERMANENT MAGNETS. See Magnets 
Permanent. 


PHOSPHOR BRONZE 

(Rod, Sheet, Tubing, Wire) 
American aoe Co., Waterbury 20, Conn 
Chase Brass & Copper Co., Waterbury 20. 


Conn. 
Mallory & Co., P. B., 
Miller Co., Meriden, Conn. 


Penn Precision Products, 
cent Ave., Reading, Pa. 


Inc., Indianapolis 


Inc., 501 Cres- 
(Strip) 
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Technical-ities 
By John S. Davey 


Bolts take greatest 
stress during wrenching 


If a bolt doesn’t fail when being 
wrenched up tight, it won’t 
fail in service (assuming bolts 
and joint have been designed 
adequately for the loads). 

That’s because two forces 
put stress on bolts (and cap 
screws) as they tighten: Ten- 
sion due to bolt stretch; torsion 
due to friction. But only ten- 
sion remains after wrenching. 
In a rigid joint, if this tension 
exceeds external forces, bolts 
will never experience any fur- 
ther strain, and will therefore 
not loosen or fail. 


WHY SOME FAILURES? 
Obviously, unusual unforeseen 
loads cause trouble. The instant 
they exceed residual tension, 
they add to the stress placed on 
the bolt and can cause immedi- 
ate failure. Or they can cause 
loosening, leading to stress 
change, which in turn causes 
fatigue and failure. That’s why 
you’ve got to torque bolts tight 
... and the tighter the better. 

An exception: A _ flexible 
joint. With high cyclic loading, 
again loosening and fatigue 
cause trouble. Since you 
shouldn’t tighten such a joint 
too much, sometimes the only 
remedy is to take out the flex- 
ible element and put in a rigid 
joint, (A metal to metal flange 
connection instead of a gasket- 
ed one, for example.) 





hes a ks 
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STENER EXIEFS 


RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 


Are you using 
more bolts than needed ? 





The stability of a 4 bolt arrangement can be matched by a 120° spacing of 3 bolts. Strength can be actu- 
ally increased by using RBaW high carbon heat treated bolts (identified by ‘‘E’’ and three radial dashes). 


OBODY wants to use too few bolts 
or cap screws and risk failures. 
But using too many is not the best 
answer either. It means too many 
holes to drill, to fill — both costly. 


RBé&W offers some suggestions. 


BALANCED BOLT PATTERN 

3y “rule of thumb,” bolts are gen- 
erally arranged symmetrically in a 
pattern of four. Yet three bolts 120 
apart around a common center will 
prove just as stable, and save on 
assembly. With stability assured, 
the problem is then one of load ca- 
pacity. 


PRELOAD TO GET FULL CAPACITY 


In checking size and number of 
bolts, calculate the stress and get 
rid of the excess. You have enough 


High strength bolts stop 


joint failure from vibration 


Shakeout equipment used by one company for un- 
loading coal cars applied its vibration via a fabri- 
cated frame lowered onto the cars. This frame was 


originally riveted. 


But it was a constant source of maintenance, About 
every 10 days, the frame had to be welded, loosened 
rivets replaced. Finally it was refastened with RB&W 
high tensile bolts and hardened washers. Maintenance 


now is nil! 


Proving again that high strength bolts make the 
strongest connection for the severest service. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


if you’ve allowed for usual factor of 
safety ... and the fasteners are 
tightened so that residual tension 
exceeds maximum external load an- 
ticipated. If they are, you have 
safety. The bolts will stay tight, 
won’t fatigue, won’t fail. 

With RB&W standard fasteners, 
engineers and production men can 
take quality, uniformity and de- 
pendability for granted — and can 
concentrate on the problem of 
proper application and assembly. 
For help or information on your spe- 
cific product, write Russell, Burdsall 
& Ward Bolt and Nut Company, 
Port Chester, N.Y. 

Plants at: Port Chester, N. Y.; Coraopolis, Pa.; 
Rock Falls, lil.; Los Angeles, Calif. Additional 


sales offices at: Ardmore (Phila.), Pa.; Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco. 













High 
Tensile 
Bolt 









\ 


\ 
Hardened 
Washer 
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FOR OIL 
GAS 


BURNERS 
HEATERS AND 


AIR CONDITIONERS 





FLUSH-TYPE LATCH 
by National Lock 


check these convenience and 
cost-saving advantages! 


1. Mounts flush. Absence of projecting handle 
streamlines your product. 


2. Simplifies cartoning and crating. Fewer pro- 
tective pads required. 


3. Operated by large coin or screw driver. No 
special tools needed. 


4. Latch tongue can be adjusted in one simple 
operation. 


5 Permits pre-shipment latch installation. 


Provides worthwhile savings within your 
functional hardware costs. 


Send for specifications and sample today 


Look To This One-Source Supplier For 
All Your Hardware Requirements 
CATCHES - HANDLES - HINGES 
PULLS - SCREWS - KNOBS 
“KEPS" - “SEMS" 
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Write for Complete Information 


NATIONAL LOCK COMPANY 


ititeles 


Rockford, 








BVSTNStOnai 1C1eDNn0! ang i¢ 
Corp. 100 Kingsland Ra. Clifton, N. J. 


Penn Precision Products, Inc., 501 Cres 
cent Ave., Reading, Pa. (Strip) 
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Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Riverside Metal Co., Div. H. K. Porter 
Co., Inc., Riverside, N. J. 

oqnee Manufacturing Co., Seymour, 


PHOTOELECTRIC CELLS and TUBES 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Photoelectric 


Cells) 
General Blectric Co., Electronic Component 


a, Schenectady 5, N. Y. (Photoelectric 
Saternational 1521 E. 


Rectifier Corp., 
Grand Ave., El Segundo, Calif. 
ae io Sep. 3 America, Tube Div., Har- 


Vickers igen Div.. Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 


PHOTOELECTRIC CONTROLS 


Bristol Co., Waterbury 20, Conn. 
General Electric Co., Apparatus Sales Div.. 


Schenecta N. 
—* id Goce, “iaoi Beimont Ave., Chicago 
a Electric Corp., Gateway Cen- 
ter, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 
Weston Electrical Instrument 
sub. of Daystrom, Inc., i 
sen Ave., Newark 5, N. 


a Brolinghay 

PILLOW BLOCKS. See Blocks, Pillow. 

PINS, COTTER and LOCK. See Fasteners. 

PLASTICS, COLD MOLDED and INOR- 
GANIC. See Ceramics. 


PLASTICS, MOLDERS, 
and FABRICATORS 


Alden Products Co., 117 N. Main, Brock- 


EXTRUDERS 


ton, Mass. 

aqgeetoms Insulator Corp., New Freedom. 
a. 

Anchor Plastics Cs... ae 36-36 36th 
Long Island City 6 Ze 

Auburn ictaieine Co., 306-I Stack, 
Middletown, Conn. 

Barber-Colman Co., Dept. O, 1803 Rock, 
Rockford, Tl. 

Brand & Co., Inc., William, Willimantic. 

Chicago Molded Products Corp., 10244 N 
Kolmar Ave., Chicago 51, Ill. 

Continental Can Co., Conoiite Div., Wil 
mington 99, Del. 

Continental-Diamond Fibre Div. of The 
Budd ., Inc., Newark 18, Del. 

— e Plastics Co., 3239 W. 14th, Cleve- 


Crane. Poms Co., 6424 Oakton, Mortes 

rove 

Davies Molding Co., Harry, 1428 N. Wells 
Chicago mT. 


10, 
Dayton ‘Rogers Manufacturing Co., Mins 
Minn. 


Dixon Sone “Bristol 6, RB. 1. 
— Resistor Corp., Plastics Div., Erie 


Formica Co., The, 4521-7 Spring Grove 
Ave., Cincinnati 82, Ohio 
General Electric Co., 
Decatur, Ill. 
Gries Reproducer Corp., 
Ave.. New Rochelle, N. 
Irvington Div., Minnesota Mining & 
Co., 9 Argyle Terrace 


Manuf 
Irvington 11, N. 
Kuhn & Jacob Molding & a Co., 1204 


Southard, Trenten 8 

Kurz- a Inc., 1419 8. Broadway, Day 
ton 1, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y. 

_—- . Molding & Mfg. Co., Gurne 
Mat Products, Div. of Admiral Corp. 
P.O. Box 388, West Chicago, Til 
— Vulcanized Fibre Co., Wilmingtes 


Natvar Corp., wad Randolph Ave., Wood 
bridge, N. 
Noseo Pasties. “Ine., Erie 4, Pa. 


Plastics Dept. 


ad Beechwood 


Phalo Plastics Corp., Commercial & Foster 
Worcester 8, Mass. 

Plastic Molded Parts, Inc., 1248 Fift 
Ave., McK Pa. 


eesport, 
Raybestos-Manhattan, Inc., Plastie Prod 
ucts Div., Manheim, Pa. 
Resin Industries. Inc., A Sub. s Th 
Borden Co., Santa Barbars, 
Bestoteten Corp. Roseland, N. 
— chardson Co., 2799 Lake, Meirese Park 
Rogan pee. 8027 N. Monticello Ave. 
Skokie. 
Rostone —. 123 S. Earl Ave., Lafayette, 
ae he Son, Inc., Joseph T., Chicago 


Ind 
as a Fibre Co., Inc., Tonawanda 


Sylvania Plectric Products, Inc., 1740 
Broadway, New York 19, N. Y. 

Synthane ., 17 River Road, Oaks, Ps 

Taylor Fibre Co., Norristown, Pa. 

U. 8S. Gasket Co., Camden 1, é J. 

Westinghouse Plectric Corp., Gateway Cen 


ter, Bldg. No. 8, 


401 ib A 
Pittsburgh 30, Pa. a = 


PLASTICS — MOLDING, LAMINATING 
CASTING and EXTRUSION 


MPOUNDS 
Aare Molding Compound (T) 
lulose Acetate (A) 
Seituloce Nitrate (K) 


Diallyl_Phthalate (xX) 
Resins (0) 
Ethyl Cellulose (B) 
Melamine Formaldehyde {o 
ne 
Methyl Methacrylate &D} 
Nylon (@) 
Phenolics 
Plastisols, Viny! (I 
Polyethy (EH 
Polyester Resins (Q) 
Silicone Resins (8) 
Styrenes (PF) 
Urea Formaldehyde (J) 
Vinyl Acetal (L) 
Vinyl Alcohol (KE) 
Vinyl Chloride (v) 
Viny!-Chioride- 
Vinylidenechloride (Ww) 
Vinyl Chloride Acetate (m) 
Vinylidene Chloride (™) 


Bakelite Co., A Div. of Union Carbide & 
Carbon 420 Lenten, Ave., New 


Ciba Co.._Ine., Plastics Div., Kimberton, 

a. (U) 

Dow Corning Corp., Midland, Mieh. (8S) 

du Pont de Nemours & Coe. (Inc.), EB. L., 
Plastics Div., Polychemicals Dept., 
Wilmington 98, Del. —e 


Durez Plastics Div.. Electro- 
Chemical Co., 1303 ‘Waick Ra, N. Tona- 
wanda, N. Y. (E) (Casting Resins) 


Eastman Chemical 
Madison Ave., New 
(AH) 


Products, Inc., 260 
York 16, N. Y¥. 
General 


eae Co., Plastics Dept., 
Decatur, 
Gtestis ory {833 Gusttm Rd., Cleve- 


ton 
Ave., Olean, N. Y. (U) 
Insulation Manufacturers Corp., 565 W 
Washington Bivd.. Chicago 6. TI. 
Koppers Co., Inc., Chemical Div., 
Bidg., Pittsburgh 19, Pa. (F) 
Marbon Chemical Div. of Borg-Warner, 
Gary, Ind. (F) 
Minnesota Mining & Mfg. Oo., Electrical 
Products —~. 900 Fauquier Ave., St. 


to Chemical Co.. Plastics Div., 
Springfield 2, Mass. (CEFV) 
Ohio-Apex Div., Food Machinery and 
Chemical Corp., Nitro, West Va. (X) 
Plastics Engineering Co., 1607 Geele Ave., 
Sheboygan, Wis. (E) 
Resin Industries, Inc.. A Sub. of The 
Borden Co., mg Barbara, Calif. 
Resistofier Corp., Roseland. N. J. (P) 
Rogan Brothers. %027 N. Monticello Ave., 
Skokie. Tl. (CEJ) 
Rostone Corp., 123 8. Earl Ave., Lafayette, 


Ind. (H) 
.. Ine.. P.O. Box 
1046. _N Y¥. (Ba) 

Shell Chemical Corp., Chemical Sales Div., 
~~ Madison Ave., New York 17, N. Y. 
(U) 

U. S. Gasket Co., Camden 1, N. J. (P) 

U.S. Rubber e: Rockefeller Center, New 
York 20. N. Y. 


PLASTICS. SHEETS, RODS and TUBES 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. (Di- 
electric Sheets) 

Campco Div., Chieago Molded Products 
Corp.. 2717 N. Normandy Ave., Chicago, 
TIL. (Sheets only) 

Cleveland Container Co., 6201 Barberton 
Ave.. Cleveland 2, Ohio (Tubes) 

Continental Can Co., Conolite Div., Wn- 
mington 99. Del. 

Continental-Diamond Fibre oe, of The 
Budd Co., Inc., Newark S,, 1. 

Dixon Corp.. Bristol 6. R. 

Eastman Kodak Co., Ras SS 

Formica Co., The, 4521 ; Spring Grove 
Ave., Cincinnati 32, Ohio 

General Electric Co.. Plastics Dept.. 

Laminated and In- 


Decatur. Til. 
eral Electric Co.. 
sulating Products Dept.. Coshocton, Ohie 
ae 4312 Glenridge, Cleveland 


Houghton Labersteries. Inc., 140 Houghton 
Ave., Olean. N. 

Insulation tute Corp., 
Washington Bivd., Chicago 6. TL 

Mica Insulator Co., Schenectady 1, N. Y. 

Molded Fiberglass Sheet Co., 4315 Bene- 
fit Ave.. Ashtabula. Ohio 

National — Fibre Co., Wilming- 


ton 99, ; 
Polymer Corp. of Penna., 2120 Fairmont 
A Sub. of The 


Ave., Reading, Pa. 
Resin Industries, Inc., 
en Co., Santa Barbara, Calif. 
Resinite Corp.. Div. of Precision Paper 
Tube Co., 6980 North Central Park. 
Chicago 45, Til. 
Resistofiex Corp., Roseland, N. 
-~ & Son, Inc., Joseph T., Tntcage 8, 


Ti. 
Gpentding Fibre Co., Ine., 


Taylor Fibre Co., Norristown, Pa. 

U. 8. Rubber Co., 2688 N. Pulaski Rd., 
Chicago 39, Til. 

Westinghouse Electric Corp.. Gateway Cen- 
ter. Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Tonawanda. 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts. 

American Platinum Works, = a Jeor- 
sey Railroad Ave., Newark 5, N. 


ay f Co., Inc., 113 Astor, Newark 5, 
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ed one, for example.) 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


136,500 Ft.-Lbs. 


Here, at last: Positive protection from hazardous reverse 
torque-runaway. Thorough-going tests on all major makes 
of inclined conveyor and elevator equipment have proven 
Formsprag Large Bore Backstops guard both your person- 
nel and your machinery against dangerous and damaging 
*‘runback’”’, 

No more runback worry from conveyors stalled because 
of overload or power failure. You’re now fully protected. 
What’s more, you stop reverse torque at its source, the 
headshaft. So, maintenance headaches caused by many 
present inadequate reverse torque controls are minimized. 

All Formsprag Large Bore Backstops employ the modern 


FOR MORE 
INFORMATION... 


Write today! This new 


Oe ee en ee ee ee 
il strongest connection for the severest service. 


MODEL 
NO. 


Sle 


of Holdback Torque 





sprag-type clutch principle— proven so successful on a wide 
range of over-running and indexing applications. This 
guarantees you these important advantages: 

Greatest torque capacity to weight ratio. Ball-bearing 
construction for longer life and smooth over-running. 
Mechanical seals to prevent entry of abrasives. Individually 
energized spring-loaded sprags. Grease lube is required 
only twice yearly. 

Next time you have a power transmission application on 
an inclined conveyor or elevator, protect yourself, specify 
Formsprag. 


CHECK THESE CAPACITIES 


MAXIMUM 
OVER-RUNNING 
SPEED RPM 


TORQUE 
CAPACITY 
LB. FT. 


18500 





26 page catalog will be 
sent immediately. 


240000 
36000 
51500 











~ 73000«Cté—‘“‘|”’”ét~™” 








(136500 


Over-Running, Indexing and Backstopping Clutches for aircraft, automotive and various industrial applications 


EF’ORMSPRAG COMPANY 


VISIT BOOTH 208 
Design Engineering Show, May 20-23 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





23589 HOOVER ROAD e¢ VAN DYKE (DETROIT), MICHIGAN 


World’s largest exclusive manufacturer of over-running clutches 


Distributors in principal cities A6-3C 
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DIMCO-GRAY Te a ILS 
KNOBS...HANDLES 








Os aerte a 


aqee--| 
Goes 








WRITE FOR THIS 
COMPLETE CATALOG! 


ey mae ee 


210 EAST SIXTH STREET 


NO TOOL CHARGE! 


Wide selection of stock knobs, handles 
and plastic parts available without tool- 
ing cost to you! Many minor changes, 
(color, design, inserts, threads, special 
materials, etc.) can be made to meet your 
requirements. 


DAYTON 2, OHIO 


\Vaseivew SV ets: 


| 
Hart 












A complete range from |2x 12" 
These new engi- 
neered enclosures comply with 
specifications 
available to help you 
your junction box requirements 


to 60x 90". 


J.1.C. 


at lower prices. 


* Send for Standard 
Size and Price List 









4 


GRAND 
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one 4 


RAP 


ENCLOSURES 
and PANELS 


and are 
solve 


Standard Price Includes: 


1. PRIME COAT 

2. NEOPRENE GASKET 
3. SUB PANEL 

4. MOUNTING LUGS 
5. CAPTIVE SCREWS 


We fabricate custom 
enclosures of all types 


co. 







UN 


601-607 OTTAWA N. W. 
ae MICHIGAN 











as. Ge 
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Brainin Oo C. 8., 318 Washington, Mt. 


Vernon 
General Plate Div., Metals and Controls 
Corp., 1903 Forest, Attleboro, Mass. 


Handy & Harman, 82 Fulton, New York 
Ney Co., J. M., P.O. Box 990, Hartford 1. 
Wilson Co.. H. A., Route 22, Union, N. J. 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 
Rd., Chicago 45, Ill. 


McCormick 


PLUGS and JACKS, COMMUNICATION 


Richards Electrocraft, Inc., 83747 N. Ked- 
zie Ave., Chicago 18, IIl. 
1328 N. Halsted, Chicago 


Switecheraft, Inc., 
22, I 


PLUGS and RECEPTACLES 

Alden eaens Co., 117 N. 
ton, 

ampaensl *Wectronie Corp., 
Ave., Chicago 54, Ill. 


Main, Brock- 
1830 8. 64th 


Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Co., 1038 W 
Van Buren, ee 7, In. 

Belden Mfg. Co., 4683 W. Van Buren, 
Chicago 44, Ill. 

Cannon Electric Co., Dept. 500, 
Humboldt, Los Angeles St. ” Calif. 

Cippagtio & Co.. L. L., Route 46, Lodi, 


ganas eT Co., Inc., 50 Church, New 
York 7 z 

Crouse- Hings Co., Syracuse 1, N. Y. 

General ee a. Construction Mate- 
rials Div., ie Conn. 

hemes sail Bartholomew 

Ave., Hartford 

Hubbeil, Inc., Sony, 2, Conn. 

Johnson’ Co.,” B. ‘ine 2331 Ave., 
8. W., Waseca, 

Jones Div., Howard B “Cineh Mfg. Corp.. 
Chicago 24, Il. 

Pass & Seymour, Inc., Solvay Station, Syra- 
cuse 9, N. Y. 

Pyle- National S. 1388 N. Kostner Ave., 
Royal I Biectric Corp., Pawtucket, R. I. 

Stromberg-Carlson, A Div, of General 

Dynamics + 117 Carlson Rd., 

Rochester 3, Y. 

S. Rubber Co., Reckefeller Center, New 

York 20, N. ¥. 


U. 


PLYWOOD, METALCLAD 


United States Plywood Corp., 
New York 36, N. Y. 


55 W. 44th, 


PORCELAIN. See Ceramics 


POSTS. BINDING 


Littelfuse, Des Plaines, 
7—— Electric Co., jo3. ‘uiaaie, Bristol 
‘onn 


POTENTIOMETERS. See also Rheostats. 


Ace Electronics Associates, 
Dover, Somerville 44, 
Allen-Bradley Co., 1816 S. Second, Mi) 

waukee 4, Wis. 
Borg Equipment Div., George W. Bore 
. Janesville, Wis. 
Bourns Laboratories. P. O. Box 2112 
Riverside, Calif. 


Clarostat Mfg. Co., Inc., Dover, N. B 

Giannini & Co., Inc., G. M., P' 1 
Calif. 

Helipot Corp., Div. of Beckman Instru 


ments, Inc., Newport Beach, Calif 
International Resistance C o., 401 N. Broad, 


Philadelphia 8, Pa. 
Ohmite Manufacturing Co., 3613 Howard 
1 
St. Marys, Pa. 


Skokie 
Stackpole Carbon Co., 
Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., - Frelinghuyser 


Ave., Newark 5 


POTS and LADLES, MELTING 

General Electric Cs. Apparatus Sales Div 
Schenectady 5, es 

Vulcan Electric ~~ “Danvers 2, Mass. 


POWDERED METAL PRODUCTS. Be 
also Bearings and Bushings; Contacts. 


sages Div. of Chrysler Corp., Detroit 8) 
ch. 
Gibson Electric O,, 8349 Frankstown Ave 


Pittsburgh 21, Pa. 

—r,* Co., Inc., P. B., Indianapolis 

Radio Cores, Inc., 9540 Tulley Ave., Oad 
Lawn, Ill. (Iron Soe 

Stackpole Carbon Co., 


Marys, 
United States Graphite” Co., 1621 Hottena 
Saginaw 8, Mich. 


POWDERS, METAL 

American Platinum Works, 231 New Jersey 
ay Ave., Newark 5, N. Y. 

ae & Harman, 82 Fulton, New Yor 

New Jersey Zine Co., 160 Front, New York 
88, N. Y. (Brass, Bronze, Copper and 


Zine) 
POWER SUPPLY UNITS 
ae * Television & Radio Co., St. Pau! 
Electro Products Laboratories, ips. 450) 
N. Ravenswood Ave., Chicago 40, Ill. 
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Penet, Jieeteesten Corp., North Chi- 

cago. 

Mallory & Co., Inc., P. B., Indianapolis 6 
Ind. 

M lis-Honeywell Regulator Co. 
oo Div., 1400 Soldiers Field Ra.. 
Boston 35, Mass. 

Superior Electric Co., 808 Middle, Bristol. 


Conn 
Texas "instruments Inco 


ted, 6000 Lem- 

mon Ave., Dallas 9, Texas 

ig 9! Atomics Corp., 50 Bond, West- 
Western Gear Corp., P.O. Box 182, Lyn 
wood, Calif. 

RE-PLATED METALS (Aluminum. 
en Copper, Steel, Zinc, Sheet and 
Strip) 


Ameri Nickeloid Co., Peru 3, 
Buperior Electric Co., 808 Middle, Bristol 
Conn. 


PRINT MACHINES 


Ozalid, A Div. of General Aniline & Film 
Corp., Johnson City, N. Y. 


PUMPS 

lis-Chambers, Milwaukee 1 

Bendix ‘Aviation Corp.. Seintilla ‘DIN. 8id 
Bw, We 


Robbins & Myers, Inc., Pump Div., Spring- 
field. Ohio 


PUSH BUTTON STATIONS 

i Bradley Co., 1316 8. 
ee 

alli -Chalmers, Milwaukee 1, Wis. 

Arrow-Hart & Hi Feciric Co., 


Hawthorne, Hartiord 6, Conn. 
Automatic Electric ay See. 1033 W 


Second, Mil 
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Buren, Chica: Ti 
Clack Controlier Co., a6 B. 152nd, Cleve 
uae Hinds Oo. Syracuse 1, N. 
General Electric ie'be. - Apparatus ales Div... 
Schenecta . 
Micro Switch, A Div. of Minneapolis 


Honeywell Regulator Co., Freeport, Il 
Pyle-National - 1388 N. Kostner Ave 


Chic: 51, Ill 
Square D Co., 4041 N. Richards, Milwau 
Birombere Feicee, A Div. of Genera) 
ti ; 
D Corp., 117 Carlson Rd. 
Rochester 8, N.Y. 
Ward Leonard Electric Co., 34 South 


Mount Vernon, N. 
Westinghouse Electric Corp., Gateway Cen 


ter, Bidg. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa. 

PYROMETERS 

ad Products, Inc., Chesterland 14 


Bristot Co., Waterbury 20, Conn. 
ic _Co., Rachelle Park Post 


Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 


Ave., Newark 5, N. J. 
Wheelco Instrument Div., — 


Co., 1408 Rock, Rockford 


QUARTZ, FUSED 


Amersi!l Co., Inc., 685 Ramsey Ave 
side 5, N. J. 


REACTORS. See Transformers. 


RECORDER COMPONENTS, MAGNETIC 
See Instruments. 


RECORDERS, COMPUTER. See Instru 
ments, Electronic. 


RECORDERS, GRAPHIC 
See Instruments. 


RECORDERS, OSCILLOGRAPHIC 


Brush Electronics Co., 3405 Perkins Ave 
Cleveland 14, Ohio 

Midwestern Instruments, 4lst and Sheridan 
Rd., Tulsa, Okla. 

Sanborn Co., Industrial Div., 39 Osborn 
Cambridge 39. Mass. 


RECTIFIERS, SEMICONDUCTOR 


Fanstee!] Metallurgical Corp., Rectifier Div 
North Chicago, Ill. (Selenium) 

Federal Telephone and Radio Co., Div. of 
International Telephone and nd  Telegrapb 
Corp., 100 Kingsland Rd., 

General Electric Co., Apparatus yey Div... 
Schenectady 5, N. ¥. (Selenium, Copper 
Oxide, Industrial Germanium) 

General WTlectrie Co., Electronics Div.. 
Electronics Park, Syracuse 1, N. Y 
(Germanium Diode) 

International Rectifier Corp., 1521 E 
Grand Ave., El Segundo, Calif. (Selen- 
ium) 

International Resistance Co., 401 N. Broad 
Philadelphia 8, Pa. 

Mallory & Co., Inc., P. . Indianapolis 
6, Ind. (Magnesium-Copper Sulphide) 

Radio Receptor Co., Inc. 

Div. 240 Wythe Ave., Brooklyn 1 
(Germanium ee Selenium) 

Sarkes Tarzian, Rectifier Div., Dept. 
= 415 N. Colicee Ave., Bloomington. 


Syntron Co., Homer City, Pa. 
Ther Electric & Machine Works, 11A 8 
Jeff > eee ©. Ill. (Selenium) 
ic Corp., Melrose 76 


Union Switch & Signal Div., Westinghouse 
Air Brake Co., Pittsburgh 18, Ps 
(Selenium) 
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ways fo better 
whiteprints... 


on the new printmaster 810 


Here’s the brand new Printmaster 810—with 7 big new operating features. They 
make your printmaking easier, more fool-proof than ever before! 

1. New air flow system for better print pickoff 

2. New diaphragm ammonia pump for top uniformity in developing 

3. New cartridge heater for greatly improved development at high speeds 

4. New phenolic ‘‘fingers” to pick off tracings without tearing 

5. New protection sheet and suction baffles to keep originals safe 

6. New feeder brushes to flatten curl in rolled tracings 

7 


. New tracing receiving system to handle cut sheets and rolled tracings, both! 


And that’s not all. Incorporated into the “810” are such proven Ozalid advances as 
the electronic drive . . . low temperature cooling system . . . exclusive blower-timer 
and U/L approved safety devices. Why not test run your own tracings through the new 
**810”? Simply call your local Ozalid representative. His number’s in the phone book, or write: 
Ozalid, Dept. DD-3, Johnson City, N. Y. 


A Division of ® 
General Aniline & Cc Le Mm ee ; | >) 
Film Corporation. 

In Canada: 


Hughes Owens C Ltd., e ‘ © © 
. aia First name in whiteprinting 
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A COMPLETE NEW LINE OF T&2B METHOD COM- 
PRESSION CONNECTORS—Color-Keyed for use WITH 
THE NEW LIGHTWEIGHT TBM5 COMPRESSION TOOL 


The full range of wire sizes from No. 8 AWG 
to 250 MCM is covered by the new Color-Keyed 
Connectors—in all styles, for installation on 
copper conductors. 


The new Color-Keyed TBM5 Compression 
Tool is easy to use. It makes permanent, high 
conductive joints every time. 

T&B Method, Color-Keyed, can save you time 
and money—ask your T&B Distributor for a 
demonstration. 


Sold only under The T&B PLAN of Wholesaler Distribution. 


THE THOMAS & BETTS CO. 
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INCORPORATED 







28 Butler Street . Elizabeth 1, New Jersey 
& THOMAS & BETTS LTD. 
aT Montreal, P.Q., Canada 








UFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 | 


| Automatic Electric Seige an-- 


Hart Manufacturing Co.. 
Hartf 


MARCH 


Vickers Electric Div.. Vickers Inc., 1803 


Loeust, St. Louis 3, Mo, 

shoes Mheeeric Comp. Gateway Cen- 
ter, Bidg. Ne. a 401 Liberty Ave.. 
Pittsburgh 30, 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1, 
Amperite Co., Inc., 561 site. New 
York 12, Y. 


N. 
Fitel-McOullough, Inc., San Brune, Calif. 
Electrons, Inc., 127 Sussex Ave., Newark 3, 
J 


N. J. 
General martes o. Apparatus Sales Div., 


Schenectady 5, N. Y. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


REGULATORS, MOTOR SPEED. See 
Controllers, 


REGULATORS, TEMPERATURE. See 
Thermostats. 
REGULATORS, VOLTAGE. See also 


Transformers, Variable Voltage. 
Aeme Electric Corp., Cuba, N. Y. 
Allis-Chalmers, Milwaukee 1, Wis. 
pm Co., $= 561 Broadway, New 
York 


N. 
Curtiss- Wright Corp., Carlstadt, N. Z a! 
Eseco Works, Delta-Star Div., H. K. 
Porter Co., Inc., Lockport, Til. 
General aioe Ce.. Apparatus Sales Div.. 


Schenectady 5. Y. 
R-B-M Div., Rant Wire Corp., Logans- 


Ina. 
ack netic Co., 4633 W. 16th, Chicage 
50, Ill 


Standard Electrical Feeeuts Co., 2240 E. 
Third, Dayton 3, Ohi 
Superior Electric Co., 803 Middle, Bristol. 


Vickers Electric Div.. 1803 
Locust, St. Louis 3, 

Westinghouse Blectric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave.. 

Pittsburgh 30. Pa. 


Vickers Inc., 


RELAYS and CONTACTORS 
A'G’A Div. of Elastic Stop Nut Corp. 
of om 1027 Newark Ave., Elizabeth 


3, N. 

adams & Westlake Co., Elkart, Ind 
( ry) 

AEMCO. Inc.. 50 State, Mankato, Minn. 

Allen-Bradley oo. 1316 8S. Second, Mil- 
waukee 4, 

Allied Control 1s. Inc., 2 East End Ave., 
New York 21, ¥. 

Allis- ages. Milwaukee 1, Wis. 


Co., Ine., 561 Brosdway, New 
York “2. N. Y. (Delay Thermostatic 
Metal Bulb 


Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, DL” 

Arrow-Hart & Hegeman Flectrie Co., 
Hawthorne, Hartford 6, Conn. 

i—~ Products, Inc., Chesterland 14. 


1033 W 
Van Buren, Chicago 7 
Automatic Switch Co., ios. ‘ akeside Ave.. 
Orange, N. J. 


Automatic Temperature Cues Sub. 
of Safety Industries, 3238 Pulaski 
Ave.. Philadelphia 4 "Sy 
Barber-Colman Co., Dept. O. 1903 Rock- 
Rockford, Ill. 

Bristol Co., Waterbury 20, Conn. 

Bristol Motor Div., Voealine Co. of 
America, Ine., Oid Saybrook, Conn. 
(Time Delay) 

Clare & Co., C. P., 3101 Pratt Bivd.. 


Chicago 45, Ill. 

Comar Blectrie Co., 3349 W. Addison. 
Chicago 18, Ill. 

Cramer Controls Corp., Box 8, Centerbrook, 


Conn. 

Curtiss-Wright Corp., Carlstadt, N. J 
(Time Delay) 

Durakool, Inc., Bikhart. Ind. (Mercury! 

B-T-A Products Co. of America, 5085 N. 
Elston Ave., Chicago 50, 

Elgin National Wateh Co., Electronics Div.. 
2435 N. Naomi, Burbank, Calif 

Federal Telephone and Radio =. Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Filtors, Inc., 30 Sosemere ‘Hill Dr., Port 


Washington, 1. 1 

G-V_ Controls Ine. 8 Hollywood Plaza, 
East Orange. N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Grayhill Inc., 589 Hillgrove Ave. Le 
Grange, Ill. 

Guardian Electric, 1627-C W. Walnut, 
Chicago 12, Ii. 

211 Bartholomew 

Ave., ‘ord 

Haydon Co., A. we 234 N. Elm, Water. 
bury 20. Conn 

Haydon Mfg. Co., Inc., 2526 Elm, Tor- 
rington, Conn. 

Heinemann Electric Co., 98 Plum, Trento 


N. J. (Time delay) 
Kelloge Switchboard ys Supply Co., 7? 
W. Monroe, Chicage 3, Ill. (Magnetir 
Tmpulse) 
Lakewood Controls Corp., 264 E. Prairie, 
Crystal Kaito. Ti. 
Leach , Leach Relay Div.. sets Ara 
lm Bivd..'Los Angeles 8. Calif 
McGraw- Edison Co., Instrument Div., 
Dept. West Orange. J 
MeQuay- Norris Manufacturing Co., 2322 
Marconi. St. Louis 10, Mo. 
t Blectrie Co. 3352 W. Grane 
Ave., Chicago 51, IIl. 


Oe 
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Maresh Cusp.. 4201 Belmont Ave., Chicage 
Monitor Controller, Rockland, Mass. 
North Hlectric Co., 587 S. Market, Galion. 


Ohio 
— Manufacturing Co., 3618 Howard, 
e. 
llips Control Corp., 59 W. Washington. 


Phi 
Joliet, Ill 

Potter & Brumfield Mfg. Co., Inc., Sub. 
of American Machine & Foundry Co.. 
Princeton, Ind. 

Prise Bigatte Corp., 1500 Church, Frede- 

R-B-M Div., Essex Wire Corp., Logans- 
port, Ind. 

Radio Corp. of America, Tube Div., Har- 
rison, N, 


Relay Sales, Inc., P.O. Box 186B. West 
aD 
Square eS. 4041 N. Richards, Milwau- 


kee 12, 
Standard Electrical Products 2240 


E. Third, Dayton 3, Ohio 


Co., 


Union Switch ‘& Signal Div., Westinghouse 
Air Brake Co., Pittsburgh 18, Pa, 
Universal Relay Corp., 42 White, 


York 13, N 

Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, 


Pa. 
Weston Electrical Instrument Corp., A sub 
of Daystrom, 1s ,614 Frelinghuysen Ave., 


Newark 5, N. 
bat =a | imaeke Inc., 273 Branchpert 
Long Branch. N. J. 
Ww togand Co., Edwin L., 7530 Thomas Bivd., 
Pittsburgh 8, Pa. 
Zenith Electric Co., 152 W. Walton, Chi- 
cage 10, Til. 


New 


REMOTE CONTROLS. See Push Button 
Stations; Re and © Contactors 
Switches: Controls, Pressure and Tem- 
perature. 


RESINS, INSULATING. See Varnishes. 
Compounds and Resins, Insulating. 

RESISTANCE ALLOYS 

Driver Co., Wilbur B., 150 Riverside Ave, 
Newark 4, N. J. 

Driver-Harris Co., Harrison, N. J. 

Kanthal Corp., 3 Amelia PL, Stamford, 
Conn. 


RESISTANCE HEATING pares. nw 
Heating Elements and Uni 


RESISTANCE LINE CORDS 


General Electric Co., Construction Mate- 
rials Div., Bridgeport 3, Conn. 


RESISTANCE WIRE. See Wire, Resist- 
ance. 


RESISTORS, INSTRUMENT and RADIO 


Aerovor Corp., New Bedford, Mass. 
Allen-Bradley Co., 1316 8. Second, Mil- 


sane to 561 Brosdway, N 
ow 
York 12, NY. ¢ (Bulb Type) 


Centralab Div. of Globe-Union. Ine., 
962C E. Keefe Ave., Milwaukee 1, Wis. 
Mfg. Co., Ine., Dover, N. H. 
Corning Glass wee. Technical Products 
Div., Corning. N. Y. 
Colum - 


Dale Products, Inc., 1366 28th Ave., 

bus, Nebraska 
Fastman Kodak Co., Rochester 4, N. Y 
p eastetee Corp., Blectronics Div., Erie. 


pe Cup. Guiten SnSasteiee,, Inc., 212 
Durham Ave., Metuchen. 

Hardwick, Hindle, Inc., 
ark 5, N. J. 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

ae & OCo., Inc., P. B., Indianapolis 


Onmite “we. Co., 3618 Howard, Skokie. 
a + st America, Tube Div., Har- 


Bag tts Co., 814 8S. 18th, 
Harrisburg, Pa. 
Sprague Electric Co., 307 Marshall, North 


a. Mass 
D Co., 4041 N. Richards, Milwas- 
kee 12, Wis. 
> Carbon Co., St. Marys, Pa. 
Instruments, Inc., 6000 
“—. Dallas 9, Texas 
Ward Leonard Electric 
Mount Vernon, N. Y. 
Weston Electrical Instrument 
sub. of Daystrom, Inc., 614 Prolinghuy 
sen Ave., Newark 5, N. J. 


40 Horace, New- 


Co., 34 South 


RESISTORS, POWER CIRCUIT 
Ann Ser O.. 1316 8. Second, Mil- 


waukee 4 , 
Dale Products, Inc., 1306 28th Are., 
Columbus, Nebraska 


». eee Corp., Wlectronics Div., 
a ae e-¢ Apparatus Sales Div., 
Hardwick, Hindi, — 40 Hermon, New- 
International “oy Co., 401 N. Broad, 


Philadelphia 8 
ee & Co., Inc., P. B., Indianapolis 
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Richardson-Allen 
selenium rectifiers 
equipped with Al- 
len-Bradley Size 7 
solenoid starters. 


Bulletin 709 Size 
7 solenoid start- 
er rated at 300 
hp, 220 v; 600 
hp, 440-550 v. 


B 4 ‘a OR SMALL 


You'll find the right starter in the A-B line 
for every type and size of motorized machine 


When you standardize on Allen-Bradley solenoid controls 
for your motor-driven machines, you add a sales feature 
... at no extra cost... because you get the benefit of the Tabor cutoff machine with Size 1 
nationwide preference for Allen-Bradley QUALITY controls. Ws oe ie ue = . 
This is not boastful talk. Independent surveys over a 10 
year period or longer have consistently put Allen-Bradley 
in the No. 1 spot as the ‘'preferred line."’ 

by x eeeeeeeeeoeeoeeeeoeeoeeoeeee ed 

The simplicity of the Allen-Bradley design is your cus- 
tomers’ assurance of long, trouble free control life. The 
double break, silver alloy contacts are always in perfect 
operating condition. The solder pot overload relays do 
not age. 

Yes, you can install Allen-Bradley solenoid starters . . 
and forget them. They remain reliable. 

It will pay you to look into the sales advantages of A-B 
solenoid starters, contactors, and relays. Ask the nearest 
A-B sales office to quote you on the controls for your mo- 
torized machines. 





Bulletin 709 Size 
1 solenoid §start- 


Allen-Bradley Co. 


In Canada— ers in 3 forms: 

1309 S. First St. Allen-Bradley Canada Ltd. Form 1 with push 
Milwaukee 4, Wis. Galt, Ont. buttons; Form 2 
cig without buttons; 





ALLEN- BRADLEY 
SOLENQID MOTOR GONTROL 


= WuaALITY =< 





Form 3 with selec- 
tor switch for 
Hand - Off - Auto- 
matic control, 





SOOHSHSHOSSSHSSSSHSSHSSOSOHSHOHSHHHHSSEHHSOOE®E 
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@ Designers 

@ Purchasing Agents 
@ Engineers 

@ Superintendents 

@ Managers 


FREDDY FEDERAL sa 


will rush your 
copy today! 


FULL OF 
SHORT RUN 
STAMPING 
TIPS! 





Costs, materials, and procedures graphically 
illustrated. New catalog tells where and 
how you can save money using Short Run 
Stampings. Also design tips to reduce 


stamping costs. 
3608 ALABAMA AVE. (ST. LOUIS PARK) 


al 
MINNEAPOLIS, MINNESOTA 


“QUALITY STAMPINGS IN SMALL QUANTITIES”’ 


Write for your copy of catalog 201 today. 


TOOL AND MANUFACTURING CO. 





MONEY SAVING 
Push-Button 


SWITCHES 





---U.L. APPROVED RATING 


8—AMPS., 115 volts, ac. 


Dress-up instruments, appliances 
and countless other products with a 
switch that “feels” and performs 
like a true Snap-Switch should, Heth- 
erington B-Series push button 
switches have an exceptionally posi- 
tive, audible snap action that can’t 
be teased off contact . . . allows full 
8-ampere rating in less space than 
most '4-amp switches. Normally- 
open or normally-closed SP-ST types 
available with pigtail leads or lug 
terminals. 

Get complete details. 
Data Sheet S-4. 


Write for 








Push-button, 
& Toggle Switches 


Rotary, 


Indicator Lights 


Switch-Light 
combinations 


1200 Eimwood Avenue, Sharon Hill, Pa. 


HETHERINGTON wc. 


398 


MARCH 1957 ELECTRICAL MANUFACTURING 


8613 Howard, Skokie, 


Sprague Electric Co.. 307 Marshall, North 
Adams. Mass. 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y. 


a Mfg. Co., 


RESOLVERS. See Servomechanisms. 


RHEOSTATS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4 s 
Amperi ., Inc., 561 Broadway, New 
York 12, N. Y. oC Type) 
Clarostat Mfg. Co., Inc., Dover, N. 
rs ee Inec., 40 Hermon, Ties 
5 
5 Co., Inec., P. R., Indianapolis 
Ohmite Mfg. Co., 3618 Howard, Skokie, 
Rex Rheostat Co., Baldwin, N. Y. 
Ward Leonard Electric Co., 34 South, 
Mount Vernon. N. Y. 


RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8S. Second, 
waukee 4, Wis. 

Clarostat Mfg. Co., Inc., Dover N. H. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5. 


Mil- 


— Hindie, Inc., 40 Hermon, New- 
ar! 
National Electric Controller Co., 7070 


Glenwood Ave., Chicago 26, Ill. 
Ctaaite Mfg. Co., 3618 Howard, Skokie, 


oa ‘Bheostat Co., Baldwin, N. Y. 
Gupertes Electric Co., 808 Middle, Bristol, 
Ward Leonard awe Co., 


34 South, 
Mount Vernon, N. Y. 
Westinghouse Electric Corp., Gateway Cen- 
ter, Bildg. No. 3, 401 Liberty Ave., 
Pittsburgh 30. Pa. 


RINGS, COLLECTOR 


Baker & Co., Inc., 118 Astor, Newark 5, 
N. J. (Precious Metal) 

Electro Tee Corp., 4 Romanelli, South 
Hackensack, N. J. 

General Plate Div., Metals & Controls 
Corp., 1903 Forest, Attleboro, Mass. 
(Precious Metal) 


Graphite Metallizing Corp., 1059 Nepper- 
han Ave., Yonkers 8, N. Y. 

Ney Co., J. M., P.O. Box 990, Hartford 1, 
‘onn 

Nip Electric Products Co., 1759 W. 

und, Columbus 23, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso Mich. 

Triple Midwest 


“M’’ Electronents Div., 
Molding & p- Co., Gurnee 96, Ill. 
Wilson Co.. H. A., Route 22, Union, N. J. 


RINGS RETAINER and SNAP 


Associated Spring Corp., Bristol, 
> Inc., George K., Philad aiphis 


Industrial Retaining Ring Co., Dept. B-12, 
57 Cordier, Irvington 11, J. 

National Lock yuaer Co., 
Newark 5, N. 

Radio Frequency ‘Tehanentes, Inc., 
ton, N. J, 

U. S. Gasket Co., Camden 1, J. 

Waldes Kohinoor, Inc., 47- ie” hone Pi., 
Long Island City 1, N. Y. 


40 Hermon, 
Boon - 


RIVETS. See Fasteners. 


RIVET SETTING MACHINES 

Chicago Rivet & Machine Co., 
Jackson Blvd., Bellwood, IIL. 

Milford Rivet & Machine Co., 
Conn 


96098 W. 
Milford, 


ROLLER BEARINGS. 
and Roller. 


See Bearings, Bal) 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products, Div. Western 
Felt Works, 4021-4139 W. Ogden Ave., 
Chicago 23, Ill. (Silicone) 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Connecticut Hard Rubber Co., 419 East, 

New Haven, Conn. 


Dow Corning Corp., Midland, Mich. 


(Silicone) 
= oy Inc., 15 West 5Sist, New York 
General Electric Co., Plastics Dept., 


Pittsfield. Mass. 
Goshen Rubber Co., 
Goshen, Ind. 
Johns-Manville, 
80 


Inc., P. O. Box 517, 
Dutch Brand Products, 


7800 Woodlawn Ave., Chicago 19, Ill. 
Parker Appliance Co., 17325 lid Ave., 
Cleveland 12, Ohio 
Raybestos-Manhattan, Ine.» Plastic Prod- 
ucts Div. Manheim 


Roth Rubber Co., 1860" “S$. 54th Ave., 
Chicago 50, Ill. 

Seamless Rubber Co., New Haven 3, Conn. 

Stalwart Rubber Co., 197 Northfield Rd., 
Bedford, Ohio (Silicone) 

U._S. Rubber Co., Rockefeller Center, New 

York 20, Y. 


N. 


SAWS, COMMUTATOR. See Commutater 


Saws and Slotters. 
SCRAPER RINGS. See Rings, Retainer 
and Snap 
SCREW DRIVERS, PORTABLE. See 
Tools, Portable 
MARCH 


SCREW MACHINE PRODUCTS. See also 
Fibre; tics. 

Co, of America, Alcoa Bidg.. 
Pittsburgh 19, Pa. 

oo, Brass & Copper Co., Waterbury 20. 


Co., Racine 2, Wis. 


pierre Mfg. 
achine Co., Milford 


Miifora vet 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cements 
ane and Sealing; Waxes and Com 
pounds. 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products Co., Inc., Div 
of General Ceramics Corp., 118 Liberty, 
gamut te 2 Ca r Chattonses 5, Tenn 
can Lava Corp., a 5, : 
Amphenol Corp., 1830 8. 54tb 


‘tronics 
Ave., Chicago 54, Ill. 
Cons’ Co., 


a. & L. L., Route 46, Lodi. 
Electrical equa. 
Newark 4, N. J. 
Fusite Corp., 6928 Fernview Ave., Cin- 

cinnati 13, Ohic 
General Ceramics Cerp., Keasbey, i. 
General Electric Co., Apparatus eles Div., 
Schenectady Y. (Glass Bushings) 
a Co., 1010 Main, Elkhart 


401 N. Broad 


44 Summer Ave.. 


‘Ine., 


International Resistance Co., 
Philadelphia 8, Pa. 


Kearfott Co., Inc., 1378 Main Ave., 
Clifton, N. 

Phillips Control Corp., 59 W. Washington 
Joliet, I 


SEALS, MECHANICAL. (Rotary Shaft) 


op! Peuins Co., 6424 Oakton, Mortos 
rove, 
Garlock "packing Co., Palmyra, N. Y 


SEALS, OIL and GREASE 


Gits Bros. Mfg. Co., 1840 S. Kilbourne 
Ave., Chicago 23, Ill. 
Syntron Co., Homer City, Pa. 


U. 8. Gasket Co., Camden 1, N. J 


SELENIUM RECTIFIERS. See Rectifiers 
Semiconductor. 


SEMICONDUCTOR PRODUCTS. See Rec- 
tifiers, Semiconductor; Transistors and 
Crystal Diodes. 


SERVOMECHANISMS (Controls, 
ehros, ete.) Also see Motors. 

Automatic Temperature Centrol 
of Safety Industries, Ins. 5234 
Ave., Philadelphia 44, 

Bristol Co., Waterbury 20, _ 
Clifton Precision Products Co., Inc., Clit- 
ton Heights, Pa. 
Diehl Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Co., Somer- 


ville, N. J. 
et Duy Bendix Aviation 
Teter N. J. 


Keartoii Co., 1378 Main Ave., Clif- 
J. 

atienunpiths-Wengpesth Regulator Co., 

Boston Div., 1400 Soldiers Field Rd., 


Boston 35, Mass. 
Oster Manufacturing Co., John, 
of Electro- Devices, 


Div., ne, Wis. 
Servos: Co., Div. 

Paterson 1, N. J. 
Pike & 


4 Godwin Ave., 
Quarryball Rd., Fairview Village, Ps 


Sya- 


Pulaski 


Ine. 


Avionic 


Inc., 
Transicoil Corp., Germantown 


SHAFTS, FLEXIBLE 


U. S. Gasket Co., Camden 1, N. J 


SHEAVES. See Drives, Belt. 

SHEET METAL FABRICATORS 

a Products Co., 117 N. Main, Brocktos 
6 88. 

Cox Co., H. F., 601 Ottawa Ave., N.W., 
Grand Rapids’ 2, Mich. 

Hoffman Engineering Corp., Dept. BM-63 
Anoka, Minn. (Terminal and Pull Bores) 

Kirk & Blum Manufacturing Co., 3123 
Forrer, Cincinnati 9, Ohio 

SHEETS, ELECTRICAL. See Steel, 
trical. 


SHIELDS, oe TUBE 


International Electron’ Research 
145 W. Magnolia, Burbank, Calif. 


SHIPPING SERVICES 

United Air Lines, Cargo Sales Div., 36 8 
Wabash Ave., Chicago 3, Ill. (Air 
Freight) 


SIGNAL DEVICES 


Crouse-Hinds Co., Syracuse k N. Y¥. 
Pyle National oo 1388 N. Kostner Ave., 
Chicago 51, 
ee Signais, Inc., 273 Branchport 
. Long Branch, ae 


SIGNAL LIGHT ASSEMBLIES. 
Lights, Pilot and Indicator. 


See 


SILICON DIODES. 
Crystal Diodes. 


See Transistors and 
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NOSCO "cAN DO” 


takes mammoth projects in stride 


Take the case of Gould-National Batteries, Inc. 
After personal inspection of many plastic molding 
plants, evaluating engineering personnel and facilities, 
Gould selected Nosco to produce a new line of ten 
stationary battery containers and their covers. Nosco 
“Can Do” started by assigning an experienced sales- 
engineer to supervise and coordinate the program 
and report progress to Gould every two weeks. Twenty 
molds were completed in little more time than is 
usually required to produce one . . . from drawing 
board through chrome plating. Nosco molded the 
containers of acrylonitrile, running several molds 
simultaneously on giant pre-plasticized presses. The 


For other case histories—and for a glimpse of the 


Nosco plant and facilities, send for the free 12- 


PLASTICS 


page brochure, “‘How the Nosco Plant Works to 
Produce Your Needs in Practical Plastics.” 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


molded pieces were annealed a truckload at a time, 
and decorated by an ingenious method which avoided 
duplication of screens. Finally, solvent dip-testing 
confirmed that the parts would stand up under pro- 
longed field service. 

The Gould-National contract is one more indication 
of the scope of Nosco “Can Do’. More than service, 
engineering, and production know-how, Nosco “Can 
Do” includes the financial ability to carry large tooling 
and warehousing programs. 

When awarding your large plastic parts program, 
call on Nosco “Can Do”. 

The first step is to write— 


NOSCO plastics, inc. - erie 4, pa. 


World's largest injection molding plant 
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absorb 


SHOCK 


like a stack of cushions 


Components must be more than tough to stand up 
under the punishment to which ground support 
equipment is subjected. That’s why WESTON 
Ruggedized instruments are favorites for 
applications when severe shock and vibration 

are encountered . . . as well as for mobile 
equipment requiring instruments that 
will continue functioning—accurately— 
through shock, vibration, moisture, or 
temperature extremes. AVAILABLE IN 
ALL REQUIRED SIZES, IN A-C, D-C, 
RF AND THERMO TYPES. For the 
complete story on Weston Ruggedized 
instruments, or on other instruments 

for panel, laboratory, production 

or servicing needs, consult your 

nearest Weston representative, or 

write Weston Electrical fy 
Instrument Corp., 
Newark 12,N. J. 








WESTON 


Rauggedized 


PANEL INSTRUMENTS 
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SILICONES 


Auburn Manufacturing Co., 306-1 Stack, 
Middletown, Conn. 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

Dow Corning Corp., Midland, Mich. 

Formica Co. The 521-7 Spring Grove 
Ave., Cincinnati 32, Ohio 

General Electric Co., Silicone Products 
Dept., Waterford, N. Y¥. 





Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill. 

National Vulcanized Fibre Co.. Wilming- 
ton 99, Del. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

Taylor Fibre Co., Norristown, Pa. 

Union Carbide & Carbon Corp., Silicones 


Div., 420 Lexington Ave., New York 17. 
cx 


SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points. For Solder, 
see Brazing Alloys, Silver. 


—, & Co., Inc., 113 Astor, Newark 5. 


Brsinin Co., C. 8., 
Vernon, N. Y 


318 Washington, Mt 


Deringer Metallurgical Corp., 8129 Mont- 
cello Ave., Skokie, 
Fansteel Metaiiurgical Corp., North Chi- 


cago, Ill. 

General Plate Div., Metals and Control 
Corp., 1903 Forest, Attleboro, Mass. 
Graphite Metalizing Corp., 1059 Nepper 

han Ave., Yonkers 3, N. Y. 
Handy a Harman, 82 Fulton, New York 
38, Y 


Mallory “& Co., Inc., P. R., 


6. Ind. 

Ney Co., J. M., P.O. Box 990, Hartford 1 
Conn. 

Sel Rex Corp., 155 
Newark 4, N. J 

Wilson Co.. H. A., 


Indianapolis 


Manchester PI., 


Route 22, Union, N. J. 


SLEEVE BEARINGS. 


See Bearings and 
Bushings. 


SLEEVING, SATURATED. See Tubing 
and Sleeving, Braided Fabric. 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. 


Johns- Manville Sox 14, New York 16 
mw 
Raybestos-Manhattan, Inc., Plastic Prod- 


ucts Div., Manheim, Pa. 

SLIDE ASSEMBLIES 

Radio Frequency Laboratories, Inc., Boon 
ton 9, N. J. 

SLIDE RULES, CALCULATING 

Keuffel & Esser Co., Hoboken, N. J. 


SLIP RINGS. See Rings, 
SLOT INSULATION. See Fabric, Insulat- 


ing; Mica; Paper, Insulating; Tubing and 
Sleeving, Braided Fabric. 


Collector. 


SLOTTERS, MICA. See Commutator Saws 
and Slotters. 


SOCKET SCREW KEYS and 
WRENCHES 


Ailen Manufacturing Co., 
Hartford 5, Conn. 

Bristol Co., Waterbury 20, 

“ne Pressed Steel Co., 


133 Sheldon, 
Conn. 
Jenkintown 9, 


SOCKETS and ADAPTERS, RADIO. See 
Plugs and Receptacles. 


SOCKETS and RECEPTACLES, LAMP 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 
Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, III. 

Dialight Corp., 44 Stewart Ave., Brook- 
lyn 87, N. ¥. 

Drake Manufacturing a 1711 W. Hub- 
bard, Chicago 22, Ill. 

General Electric Co., ee, Mate 


rials Div., Bridgeport 2, Conn 
Pass & Seymour, Inc., Solvay Station, Syra- 
cuse 9, N 


U. 8. Gasket Co., Camden 1, N. J. 


SOCKETS, FLUORESCENT. See Fluores 
cent Lamp Auxiliaries. 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 54, Ill 
Mycalex Corp., of America, Clifton Bivd., 


Clifton, N. J 
U. 8. Gasket Co., Camden 1, N. J 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 


Chase Brass & Copper Co., Waterbury 20, 
Conn, 


Essex Wire Corp., Magnet Wire Div., 
Fort Wayne 6, Ind. 

General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass. 
—, Harman, 82 Fulton, New York 


Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, Ill. 

National Lead Co., 
ork 6, N. Y. 
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SOLDERING EQUIPMENT 
(irons, Machines, ete.) 


General Mourte Co., Apparatus Sales Dir., 
Schenectady 5 ne 

Idea! Industries, Inc., 1008 Park Ave., 
Sycamore, Ill. 

Vulcan Electric Co., Danvers 2, Mass. 

Wassco Electric Products Co., 126 W 
Cass, Joliet, IIL. 


SOLDERLESS CONNECTORS. See Con- 
nectors, Wire and Cable. 


SOLDER PRE-FORMS. See also Brazing 
Alloys, Silver. 

ane - Harman, 82 Fulton, New York 

Kester Solder Co., 4209 Wrightwood Ave 
Chicago 39, Ill. 


SOLDER, SELF-FLUXING 
For Silver Solders see Brazing Alloy» 
Kester Solder Co., 4209 Wrightwood Ave.. 
Chicago 39, Ill. 
National Lead Co., 
r :- ae Ee 


1l1l Broadway, New 
York 6 


SOLENOIDS 
Allen- meoaiee. Co., 1316 8. 

waukee 4, Wis. 

Anderson Controls, Inc., 2777 Mannheim 


Rd., Des Plaines, Ill. 
Automatic Electric Saies Corp., 1033 W 
393 Lakeside Ave 


Second, Mil- 


Van Buren, Chicago 7, [lL 
Automatic Switch Co., 


Orange, N. J 

Cannon Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif. 
Comar Electric Co., 3349 W. Addison 
Chicago 18. Il 

Controls Co. of America. Soreng Div.. 


9551 roy Ave.. Schiller Park, DL 
Detroit Coil Co. 


. 2435 Hilton Rd., Detrot 
20. Mich. 


Dormeyer Industries, 
Chicago, Ill. 

Genera! Electric Cc. 
Schenectady 5. 

Guardian Electric % 0., Walnut, 
Chicago 12, Lil. 

Leach Relay Div., Leach Corp., 5915 Ava 
lon Blvd., Los Angeles 3, Calif. 

Leetronics, Inc., Dept. EM-10, 30 Matt. 


Brooklyn 1, N. Y. 
Leland, Inc., G. H., 123 Webster, Dayt- 
2. Ohio 
MeQuay-Norris Manufacturing Co., 
Marconi, St. Louis 10, Mo 


Master Appliance Mfg. Co., tiacine 2, Wis 

Oak Mfg. Co., 1258 Clybourn Ave..’ Chi- 
cago 10, Til 

Phillips Control Corp., 59 W. Washington 
Joliet, Ill. 


3414 Milwaukee Ave., 
poperatus Sales Dis 


“1627-C W. 





R-B-M Div., Essex Wire Corp., Logans 
port, Ind. 

Relay Sales, Inc., P.O. Box 186B, Wess 
Chicago, Ill. 


Trombetta Solenoid Corp., 329 N. Mi) 
waukee, Milwaukee 2, Wis. 

West Coast Electrical Mfg. Corp., 233 W 
116 Pl., Los Angeles 61, Calif. 

Westinghouse Electric Corp., Gateway, Cen 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa. 


SPEED INDICATORS. See Tachometers 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors. 

Allis-Chalmers, Milwaukee 1, Wis. 

Bowmar Instrument Corp., 2415 
Sylvania Ave., Ft. Wayne, Ind. 

wey 4 Electric Co., 1806 Pine, St. Louts 


Cone-Drive Gears Div., Michigan Tool Co 


7171 B. MeNichols Rd., Detroit 12, Mich 


a Mfg. Co., Dynamatic Div., Kenosha 


General Electric > , Apperatus Sales Div.. 
Schenectady 5, * 

Little Giant RBS Ine., 1530-50 N 
Adams, Peoria 3, Ill. 

a Gear Co., 1358 East 179th, Cleveland 

Reeves Pulley Co., Columbus, Ind. 


Penp 


SPOOLS, WIRE 
Hubbard Spool Co., Garrett, Ind 


SPRINGS, COIL and FLAT 

Accurate Spring Mfg. Co., 3817 W. Lake 
Chicago 24, Ill. 

American Spring and Wire Specialty Co. 
816 N. Spaulding Ave., Chicage 51, Il 

American Steel & Wire Div., U. 8. Stee 
[—.. Rockefeller Bldg., Cleveland 18 

° 
Associated Spring Corp., Bristol, Conn. 


Barnes Co., Wallace, Div. Associatec 
Spring Corp., Bristol, Conn. 
Barnes-Gibson-Raymond, Div. Associated 
Spring Corp., 40300 Plymouth Rd 
Plymouth, Mich. 

Chatillon & Sons, John, 85 Cliff, New 
York, N.Y. 


Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 12, I 

Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn. 

Garrett Co., Inc., George K., Philadelphia 


34, Pa. 

Gibson Co., William D., Div. Associatec 
Spring Corp., 1800 Clybourn Ave., Chi 
cago 14, Til. 

Gibson Electric Co., 8349 Frankstown Ave 
Pittsburgh 21, Pa. 

Hunter Spring Co., 22 Spring Ave., Lans- 
dale, Pa. 

Instrument Specialties Co., Inc., 244 Bergen 
Blvd., Little Falls, N. J. (Berylliun 
Copper) 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, Ml. 
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Photo courtesy of Associated Spring Corp. 


Need a spring for service above 500° F.? 


When it is a question of strength and resistance to fatigue 
and relaxation under corrosive conditions — 


Particularly when temperatures range over 500°F. 
and other materials do not perform satisfactorily — 


- That is the time to see how INCO Nickel Alloys may 
solve the problem for you. 


The alloys, Inconel and Duranickel, for example, are 
widely used for springs that must resist relaxation at 
stresses up to 70,000 psi and temperatures up to 650°F. 


Inconel “X” alloy goes even further. It maintains 90 
per cent of its room-temperature mechanical properties 
up to 900°F., 80 per cent up to 1100°F. Combines ex- 
cellent resistance to heat, corrosion, and relaxation at 
stresses up to 100,000 psi. (Maximum recommended de- 


jkco, Nickel Alloys 


tesoemss® MONEL® © “R’® MONEL ¢ “K’® MONEL « “KR”® MONEL 
“S”® MONEL + INCONEL® « INCONEL “X’”® « INCONEL “W”® 
INCOLOY® + NIMONIC® Alloys * NICKEL 
LOW CARBON NICKEL + DURANICKEL® « PERMANICKEL® 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


sign stress, corrected, decreases as heat exceeds 700°F.) 
Other Inco Nickel Alloys—Monel, “K” Monel, Perma- 
nickel—help solve special spring problems. Permanickel 
alloy, for example, combines good electrical conductivity 
with excellent heat and fatigue resistance. 
Why don’t you let Inco engineers help you find the 
right spring for severe service. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
Electrical and Electronic Section EM-8-57 


67 Wall Street, New York 5, N. Y. 


Please send me information on: 


1. (1) Springs for use at _____°F. 

2. (] Names of manufacturers of Inco Nickel Alloy springs. 
pean pa 5 iy 
Company___ 


Company Address__ 


Product 


aoa ee ee 5 
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FHP motors... engineered 





The new RAE M-20 or M-100 Motor. Ven- 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged casting. 
Ball or sleeve bearings. Can be used with 


any of RAE's gear units. 
Winding — 
M-20 — Universal or Shunt 


M-100—Permanent Magnet (DC Shunt) 
Voltage — 6 to 220 AC/DC or DC Shunt 


Max. H. P. — 1/30 Continuous 
Weight — Approx. 2 Ibs. 


especially 
for your 
product 





motors 


RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 
and testing of your product, they can save you time 
and money in selecting the right motor. 


RAE offers outstanding service and 


uality in a 


large variety of motors. Available in voltages up to 


250, and up to 1/6 H.P. 


(higher for intermittent 


duty) with many gearhead motor combinations. 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
leading manufacturers. 


*Send for the ‘‘RAE"’ Engineering Data Sheet. 


It will help you 


supply the data necessary for recommendations and prices. 


Rae ry) et) 1 


2009 Kewaunee Street 


Racine, Wisconsin 





NEW 
CONTACT 
CATALOG 


Shows You How to 


Cut Contact Costs! 


precious metal alloys, 


headed specialties. 


Nam 
Company. 
Street Adrres: 
City 
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AC/DC Universal * DC Shunt Wound * 
DC Series Wound * Gear Reduction 
Motors * Governor Controlled Motors * 
Motors for Rheostat Control * Motors for 
Electronic Control * Permanent Magnet 
Motors and Gearmotors. 





Your design engineers, quality control, production and pur- 
chasing departments will all save valuable time and money 
by utilizing this new easy-to-use Deringer catalog which lists 
300 standard flat and radius faced contacts available in a 
wide range of metals—fine silver, gold, platinum, palladium, 
brass, steel, 
variety of contacts in special sizes and shapes is also shown. 


A wide 


aluminum, etc. 


Included are three handy contact selector sheets which con- 
tain design and order information on other contacts and cold- 


DERINGER 


METALLURGICAL CORPORATION 
8129 Monticello Avenue, Skokie, Illinois 


Please send a copy of your new catalog 
"300 Standard Contacts and Rivets." 


Dili urine 








TAN cmenatiee 


Co 


| 





| a _Teeeuns Co., 


ee =o) Ga 
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Ohio Div., Associated Spring Cerp., 1713 
E. Ist, Dayton, Ohio 

Raymond Mfg. Co., Div. Associated Spring 
Corp., Corry, Pa. 


STAINLESS STEEL. See Steel, Commer 
cial Forms and Grades. 


STAMPINGS, METAL 
Accurate Sorts | Mfg. Co., 83817 W. Lake 


Chicago 2 
117 Main, Brockton. 


swe, \aaote Manufacturing Co., Map 
itowoc, 


American “Soring and Wire Specialty Co. 
816 N. Spaulding Ave.. or. 51. m 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Barnes Co., Welles. D Div. Associated Sprins 
Corp., Bristol, Conn. 

Barnes-Gibson-Raymoni Div. Associateo 
Spring Corp., 40800 Plymouth Rd, Ply 
mouth, Mich. 


om: Brass & Copper Co., Waterbury 20 


on oy Rogers Manufacturing Co., Minne 
‘aeelie 7H, Minn. 
Deringer Metallurgical Corp., 8129 Monti- 


ce! Ave., 2, 

Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 12, 

Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn. 

Eneineering 27 Wright, Newark 5, 


N. J. 
arte Kesistor Corp., Electronics Div., Erie 
a. 
Federal Tool & Manufacturing Co., 3609 


Alabama Ave., . ~~} 16, Minn. 
Fryling Mfg. Co., Pa. 
ons Co., Inc., ‘Geurss K., Philadelphis 
Gibson Co., William D., Div. Associatea 
Spring Corp., 1800 Clybourn Ave., Chi- 
eago 4, Ill. 


Heyman Mfg. Co., Kenilworth 1, N. J. 

Joliet Wrought Washer Co., Joliet, Ill. 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chieago 47, Ill. 

Malco Tool and Manufacturing Co., 4021 W. 
Lake, Chicago 24, IIL 

Mohawk Mfg. Co., Middletown, Conn. 


ed) 
, Associated Spring Corp., 1712 
East First, Dayton, Ohio 
Les >. Div. Associated Spring 
rry, 
Revere Copper «1 Brass, Inc., 280 Park Ave., 
New York 17, 


| Shakeproof Div. = tno Tool Works, St. 





Charles Rd., Elgin, Il 

Sylvania Electric Products Inc., 1740 Broad- 
way, New York 19, N. Y. 

— Carr Fastener Corp., Cambridge 42. 


Mas 

Wenco Mfg. Co., 1136 West Hubbard, Chi- 
cago 22, Ill 

Winzler Sientetntan and Tool ba 1712 
W. Arcade Place, Chicago 12, 


STAMPINGS, NON-METALLIC 


Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Continental-Diamond Fibre Div. of The 
Rudd Co. Ine., Newark 18. Del. 

Fryling Mfg. Co., Erie, Pa. 

aeeeeen o., 2799 Lake, Melrose Park. 


Stahiin Brothers Fibre Works, Inc., Dept. 
B, Belding, Mich. 


STARTERS, FLUORESCENT. See Fluo- 
rescent Lamp Auriliaries. 


STARTERS, MOTOR. See Controllers, Mo- 
tor; Push Button Stations. 


STATOR ASSEMBLIES 

Laminations Co., Box 13, 8300 Main, Stam- 
ford, Conn. 

STEATITE. See Ceramics. 


STEEL (Commercial Forms and Grades) 


Alloy (A) 
Bars (B) 
Carbon (C) 
Coated (D) 
Sheets and Strips (8) 
Enameling (E) 
Stainless (N) 
Cold Rolled Only (0) 
Tubing (T) 
(See also Steel, Electrical) 
Acme-Newport Steel Corp.. Newport, Ky. 
(ADES) 
Allegheny Ludlum Steel Corp., Oliver 
Bidg., Pittsburgh 22, Pa. (NS) 
American Steel & Wire Div., U. 8. Steel 
Corp., Rockefeller Bldg., Cleveland 18, 
Ohio (NS) 
Barnes Co., Wallace, Div. Associated 
Spring ae. Bristol. Conn. (8-CO) 


(Spring 
Corp.. "Bristol, Conn. (8-CO) (Spring) 
Chase Brass & Copper Co., Waterbury 20, 


Conn. 
Columbia- come Steel Div., ~ 8. Steel 
.. San Francisco, Call 
Crucible Steel Co. of aad. Chamber 
of Commerce Bldg., Pittsburgh 19, Pa. 
(ABCNS) 


Driver Co., Wilbur B., 150 Riverside 
Ave., Newark, N. J. (Stainless Steel 
Wire) 


National Tube Div., 


U. 8. Steel Corp., 
Pittsburgh, Pa. 


Penn Precision Products, Inc., 
Reading, 


, New York 17, N. Y. 
Ryerson & Son, Inc., Joseph T. Chicago 80, 
Il. (ABCDENST) 


Ogre Sut Corp., Sharon, Pa. (ABCD 

) 

Superior Steel Corp., Carnegie, Pa. (AD 
NS) (Spring) 

Superior Tube Co., Norristown, Pa. 
(ACNT) 


Tennessee Coal & Iron Div., 
Corp., Fairfield, Ala. 

U._8. Steel Corp., 525 William Penn Pl, 
Pittsburgh 80, Pa. (S-ACDN) (T- ACN) 

Washington Steel Corp., 2-BB Woodland 
Ave., Washington, Pa. (NS) 


U. 8. Steel 


STEEL, ELECTRICAL (Silicon) 
(Sheets and Strips) 


Acme-Newport Steel Corp., Newport, Ky. 

Allegheny Ludlum Steel Corp., Oliver 

Bidg., Pittsburgh 22, Pa. 

Sharon Steel Corp., Sharon, Pa. 

U. 8. Steel Corp., 525 William Penn PI., 
Pittsburgh 30, Pa. 


STRAIN RELIEFS. See Grips and Clamps. 
Strain Relief. 


STRIPPERS, WIRE 


Acme Wire Machine Co., 234 E. 3rd, New 
York 9, N 


Artos Engineerint ng Co., 2737 8. 28th, Mil- 
waukee 7 

oo ‘im ‘Rush Wire Stripper Div., 

Holub Industries, 445 Elm, Syca- 
more, Ill 

Ideal Industries, Inc., 1008 Park Ave., 
yeamore, Ill. 

Wee Be.. 1136 West Hubbard, Chicago 

Wire Stripper Co., 1729 Eastham Ave.. 
East Cleveland 12, Ohio 


Inc., 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 

AMP Incorporated, 2100 Paxten, Harris- 
burg, Pa. 

Alden Products Co., 117 N. Main, Brock- 
ton, Mass. 

American Lava Corp., Chattanooga 5, Tenn. 


Buchanan Electrical Products Corp., 225 
Rte. 22. Hillside, N. J. 
Burndy Corp., Omaton Div., Norwalk. 


Conn. 

Cambridge Thermionic Gaso.. 458 Concord 
Ave., Cambridge 38, 

Federal Telephone and Radio Co., Div. 
International Telephone and Tel 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Hart Manufacturing Co., 211 een 
Ave., Hartford 1, Conn. 

, Howard B., Cinch Mfg. Corp., 

Chicago 24, TIL 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis. 


oS of Americs, Clifton Blvd., 

Stromberg- Carlson, A Div. of Genera) 
ynamics Corp. 117 Carlson Rd., 
Rochester $3, N. 

Thomas & ed Co., Inc., 28 Butler. 


J. 
U. 8S. Gasket ‘co, Camden 1, N. J. 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) (A) 
Limit (Snap-Action) (B) 
Magnetic (C) 
Mercury (D) 
Pressure (E) 
Thermal (F) 
Time (G) 
Transfer (H) 
Vacuum (J) 
Canopy and Fixture (K) 
Foot (L) 
Heater (Series Multiple) (M) 
Jack, Key and Lever (N) 
Panel (0) 
Snap (Sau, Slide, 

Rotary (P) 
Remote > Centaal (R) 
Selector (8) 
Through-Card (Snap) (T) 
Coaxial (U0) 
Motor Speed Control (Vv) 
Rotary (Ww) 
Coin (X) 
Push Button (Y) 

See also Circuit Breakers; Push Button 


Stations; 
Timers. 


Acro Manufacturing Co., Columbus 
Ohio (B) 

Adams & Westlake Co., Elkhart, ~ 

amc. 


Controllers, Motor; Relays: 


16, 


ee Inc., 50 State, Mankato, 
Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. (ACEFJPR) 
Allied Control Co., Inc., 2 East End Ave.. 
New York 21, N. Y. (CDGHR) 
Allis-Chalmers, Milwaukee 1. Wis. (R®) 
Anderson Controls Inc., 2777 Mannheim 


Rd.. Des Plaines, Ill 
Arrow-Hart & Hegeman Electric Co., 
Bowes. Hartford 6, Conn. 


) 

Automatic Electric yA pero. 1033 W 
Van Buren, Chica; 
(BCDGHLNESTVW) 

Automatic a Co., eas Lakeside Are. 
Orange, J. (CHR 


Automatic Semmes Control Co., Sub. 
of Safety Industries. Inc.. 5234 Pulaski 
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Ave., Philadelphia 44, Pa. (G) 
Bristol Co., Waterbury 20, Conn. (ADEF 
GIJPRS) 
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ARALDITE” EPOXIES 


come through 
with the answer to... 







Copper-To -Plastic 


Printed circuits such as 
this start with a sheet 
of electrolytically de- 
posited copper of 
99.5% purity (gener- 
ally .00135” or.00270” 
thick). This is coated 
on one side with . . . 


Plymaster Type “C” a 
specially formulated 
Araldite Epoxy-based 
adhesive which fea- 
tures high resistivity 
and other electrical 
insulating characteris- 
tics comparable to 
those of the base- 
board. This ““PLYMAS- 
TER” adhesive-coated 
copper is then bonded 
Wee 





Anepoxy-impregnated 
fiberglas baseboard 
which incorporates 
excellent electrical 
characteristics . . 


Excess copper is then 
etched away, leaving 
a “printed” electrical 
circuit on one or both 
sides of the epoxy 
“board”... 


Highest grade circuits for use under extreme service conditions, are 
then plated on top of the copper with a more oxidation-resistant 
metal (silver or gold). Although these plating baths contain cyanides, 
new PLYMASTER TYPE “C”, utilizing an adhesive based upon 
Araldite Epoxy Resins, shows no decrease in bond strength even 
under severest plating conditions. 


The Technical Services of CIBA’s Plastics Division are the finest in their field. 
For full information on how CIBA Araldite Epoxies can help you achieve 
product development and production improvements such as this, write . . . 


adhesives 


Printed Circuits! : 


Drastically reduced costs . . . lighter 
weight and compactness . . . higher 
uniformity in production and consist- 
Pram c-life] 1] And 


yo) (Oa toh Ue LoL oh Zea LAL oe! 
aia i ame (Sie Mola ta iat ola 
electronic assemblies come through 
where the bonding agent is Araldite 
Epoxy-based Plymaster™ Type “C”, a 
development of Rubber and Asbestos 
Corp. 

The efficiency of any printed cir- 
cuit is only as good as the ability of 
the adhesive to provide not only 
necessary bond strength but positive 
resistance to moisture absorption and 
with insulating characteristics com- 
parable to the baseboard. 

How well this newest Araldite 
Epoxy-based Adhesive tests out un- 
der actual production and service 
conditions is detailed in the picture- 
captions at the left. 


7 CIBA COMPANY INC., Plastics Division 
< i | 3 aN Kimberton, Pennsylvania 
Please send me full information on CIBA Epoxy Resins for C General 
“FIRST IN EPOXIES” 0D Tooling Structural Laminates O Surface Coatings 


0D Electrical 0 Hi-Strength Adhesives 0 Plastic Body Solders 


CIBA produces basic resins only 


POI, cee 


to be formulated 


for intermediate and end uses COMPANY 
ADDRESS 


CITY 
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TRANSFORMERS 





Transformers, Saturable 
Reactors, Chokes, Special 
Windings and Electronic 
Devices. Milliwatts to 50 
KVA, single or polyphase in 
all frequencies. 


Complete design and engi- 
neering service. All modern 
techniques, encapsulation, 
casting, military and 
commercial construction. 


And, we’ve got one asset 
you'll find especially helpful: 
WE TRY HARDER! 


Write for Bulletin 53D 


ELECTRAN MFG. CO. 





1901 CLYBOURN AVENUE - 







with...no cable slippage 
...no complicated gearing 


SIERRA MINIATURE 
MECHANICAL CHAIN 
AND SPROCKETS 


The ideal way to provide precise, positive 


123 E. Montecito Avenue, 
Sierra Madre, California co. | 


OSI SISSIES SISSIES 


control in servo systems, gyro systems, 
special cameras, small precision instru- 
ments, and many other miniature and 


sub-miniature assemblies. Transmits power 


through several planes simultaneously. 
Unlimited center-to-center selection. 


Reduces weight, cost, maintenance. Permits 


wider tolerances. Designed to operate 
around minimum 7-tooth sprocket with 
root diameter .250 inches. Chain pitch 


.1475 inches; Weight .45 oz. per lineal ft. 
Material: stainless steel, or other materials, 
including non-magnetic beryllium copper. 


CHICAGO 14, 





NEW 
CATALOG 





Contains useful 
application data, 
specifications, 
tables on chain 
pitch and sprocket 
sizes, suggestions 
for calculating 
center-to-center 
distance. Write 
for yours today. 


Ty. M. REG. 


ILLINOIS 
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Centralab Div. of Globe-Union, Inc., 962C 
oe Ave., Milwaukee 1. Wis. 
3 y) 

Cherry Electrical Products Corp., 165 
am Rd., Highland Park, Ii 

Circle PF Mfg. Co., ona | 4, N. J. (P) 

— Mis. Co., Inc., M. 381 8. 
Firs 0. Bor 1143, Wioutsvilles Ky. 


ia" 

Clare & Co., C. P., 3101 Pratt Bilvd., 
Chicago 45, Ill. (SW) 

Clark Controlier Co., 1146 E. 152nd, Cleve- 
land 18, Ohio (C) 

Comar Electric Co., 3849 W. Addison, 
Chicago 18, Ill. (N) 

Controls Co. of Soreng Div. 
9551 Soreng Ave., Schiller Park, il. 
(ABELPS) 

Cramer Controls Corp., Box 8, Center- 
brook, Conn. (G 

S.. 7%. 


) 

Crouse-Hinds Co., 

(DPS8V) 

oulne! Wright Corp., Carlstadt. N. 7 

Denison Manufacturing | \ R. 

St. Clair Ave., N. 
Ohio (B) 

Detroit Controls Corp., Div. of American- 
Standard, 5900 Trumbull Ave., Detroit 8, 
Mich. (P) 

Durakool, Inc., Elkhart, Ind. (D) 

Eagle Signal Corp., 202 20th, Moline, Mi 


(G) 

Bitel- McCullough, Inc., San Bruno, Calif 
‘ 

Electro-Snap Switch and Mfg. Co., 4238 
w. (B) 


Syracuse 1, 


10 
‘Cleveland 13, 


a 
Lake, Chicago 24, Mi. 
Electro sam Corp., Weymouth 88, Mass. 


(Sw 
= Setenteten, Inc., Rochester 2, N. Y¥ 
(EJO) 


Federal Telephone and Radio Co., Div. of 
International Telephone and a 
oe. 100 Kingsland Rd, Clifton i 


(N 
13 Pleasant, Ashland, Mass. 


Fenwal Inc., 
(F) 
Furnas Electric Co., 1024 McKee, Batavia, 
Ill. (ABCEFLO) 
G-V Controls Inc., 8 Hollywood Plaza, 
East Orange, N. J. (FG) 
General Electric Co., Construction Ma- 
terials Div., Bridgeport 2, Conn. (8S) 
General Electric Co.. Anparatus Sales Div 
Schenectady 5, N. Y. (ABCDEFGHJK 
MNOPRSTUVWY) 
10 Albany Ave., 


General Thermostat Corp., 
Bartlett, N. H. (F) 

539 Hillgrove Ave., La 

(PsSW) 


Grayhill Inc., 
Grange, Til. 

Guardian Electric, 1627-C. W. Walnut, 
Chicago 12, Ill. (CFGHN) 

Hart Manufacturing Co., 211_Barthlomew 
Ave., Hartford 1. Conn. (MOPRSU) 
Haydon Mfg. Co. Inc., 2526 Bim, Tor- 

rington, Conn. (G) 


Heinemann Electric Co., 99 Plum, Tren- 
ton 2, N. J.. (O) 
Hetherington Inc., 1200 Elmwood Ave.. 


Sharon Hill, Pa. (P) 
Kellogg Swithboard and Supply Co., 72 
W. Monroe, Chicago 8, Ill. (8) (Cross- 


bar) 
Lakewood Controls Corp., 264 E. Prairie, 
Crystal Lake, Ill. 
Leach Relay Div., Leach on. ae Ava 
alif. 


lon Blvd., Los Angeles 3. 
Leland, Inc., G. H., 123 Webster, 


2, Ohio 
Littelfuse, Des Plaines, Tl. 
McGraw-Edison Co., Instrument Div., 
Dept. 53. West Orange. N. J. (FG) 


McQuay-Norris Manufacturing Co., 2322 


Dayton 


Marconi, St. Louis 10, Mo. (EJ) 
Mallory & Co., Inc.. P. R., Indianapolis 
6, Ind. (GNPSWY) 


Master Appliance Mfg. Co., Racine 2, Wis. 
Mechanical Industries Production Co., 211 


; Chi- 

cago 41, Ill. (ABCD 

Micro Switch, a Div. of Minneapolis- 
Honeywell Regulator Co., Freeport, Ill. 
(BDFLSW) 

Miller- Harris Reaprumnent, Co., 1350 N. 
Jackson, Milwaukee 7, Wis. 

wees Electric Co., 587 8. Market, Galion. 


Oak Mfg. Co., 1258 Clybourn Ave., Chi- 
cago 10, Ill, (NWZ) 

Ohmite Mfg. Co. 3613 Howard, Skokie, 
Tl. (NS) 


Pass & Seymour, Inc., Solvay Station, Sy- 
racuse 9, N. Y. 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Til. (P) 

R-B-M Div., Essex Wire Corp., Logans- 


port, Ind. 
Relay Sales, Inc., P.O. Box 186B, West 
Chicago, TL 


Robertshaw Thermostat Div., 


Robertshaw 
— Controls Co., Youngwood, Pa 
( ) 

Spencer Thermostat Div.. Metals & Con- 
trols Corp., 3603 Forest, Attleboro, 
Mass. (EF) 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. (ABCEFLOPR) 

Stackpole Carbon Ce., St. Marys, Pa. (P) 

Stromberg- ee A Div. of 
ge pe ; 117 Carlson Rd., Roch- 
ester 3, 

Switchcraft, a ; 1828 N. Halsted, Chicago 
22, mM. (N) 

Ther Electric & Machine Works, 11A 8. 
Jefferson. Chicago 6, Tll. (8) 

neered 4 OW. 
nroe, Bedford Ohio (¥) 

Ulanet Co., George, 413 Market, Newark 
5, N. J. (FG) 

Unimax Switch Div.. The W. L. Maxson 
Corp., Ives Rd. Wallingford, Conn. (D) 

Ward Leonard Electric Co. 34 South 
Mount Vernon, N. Y. eeaem) 

Westinghouse os . Gateway 
Center, Bldg. No. 3, 401 berty Ave., 
Pittsburgh 30, Pa. (ARCDEFGHLOPS) 

Zenith Electric Co., 152 W. Walton, Chi- 
cage 10, Tl. (HR) 


SYNCHROS. See Servomechanisms. 


TACHOMETERS 


Bristol Co., Waterbury 20, Conn. 
General Electric Co., (peas Sales Div., 


dy 5, N. Y. 
Ideal a Inc., 1008 Park Ave., 
Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd., Cleveland | io 


Veeder-Root, inc., Hartford Conn. 
WacLine, Inc., 35 S. St. Clair, Dayton 2, 


Weston Electrical pestrument 2. fo 
of Daystrom, Inc., a ng! 
Ave., Newark 5, N. 


TAGS, TERMINAL 
eo Band & Tag Co., Dept. 6-64, 


ewport, 
Natvar Corp., 207 Randolph Ave., Woed- 
bridge, N. J. 


TANTALUM 


i Metalurgical Corp., North Chicago, 


— & Co., Inc., P. R., Indianapolis 6, 


TAPE, ADHESIVE and COIL 
FASTENING 


Armstrong Cork Co., 7003 Ingersol, Lan- 
. H., 727 W. Glendale Ave., 
Milwaukee 12, Wis. 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd, Chicago 6, TL 
Johns-Manville, Dutch Brand Products, 
7800 Wood . Chicago 19, Ill. 
Sales Div., 309 W. 


Minnesota Mining & Mfg. Co., Electrical 
ucts Div., 900 Fauquier Ave., St. 


Paul 6, Minn 
. » fae Highway 25, 


Permacel Tape 
New Brunswick, 
Seamless Rubber Co., New Haven 3, Conn. 


TAPE, FRICTION and SPLICE 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, IIL 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J 


Sages, Box 14, New York 16, 


Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19. fil 
Kendall Ce, Polyken Sales Diy., 309 W. 

Jackson Blvd., Chicago 6, Ill. 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 
Seamless Rubber Co., New Haven 3, Conn. 
U. 8S. Rubber Co., Rockefeller Center, 
New York 20, N. Y. 


TAPE, INSULATING. See Fabrics, In 
sulating; Sleeving and Tape, Asbestos 
Tape, Friction and Splice:” 
Sheeting, Synthetic Resin. 


TAPE, MAGNETIC RECORDING 
See Magnetic Recerder Components 


Tape and 


TAPE, MICA. See Mica. 


TAPE and SHEETING, 
RESIN 


Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 138, Del 

Dixon Corp., Bristol 6, R. I. 

du Pont de Nemours & (9. (Inc.), KE 1 
Plastics Div., Polychemicals Dept., 


Wilmington 98, Del. 
Chemical Develop 


SYNTHETIC 


General Electric Co., 
ment Dept., Pittsfield, Mass. 

Insulation Manufacturers Corp., 565 W 
ee Blvyd., Chicago 6, IL 

I Minnesota Mining & Man 

as Argyle Terrace 


 polyken Sales Div., 3089 W 

., Chicago 6, Til. 

ng & Mfg. Co., Electrical 

ree Div., 900 Fauquier Ave., St 
Minn. 


Paul 6 
207 Randolph Ave., Wood- 


Natvar Corp., 
bridge, N. J. 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J. 

Raybestos-Manhattan Inc., Plastic Prod 
ucts Div., Manheim. 

Resin Industries, Inc., A Sub. of 
Borden Co., Santa Barbara, Calif. 

Seamless Rubber Co., New Haven 8, Conn 

Shambap Engineering Co., 11617 W. Jef 
ferson Blvd, Culver City, Calif. 

U. S. Gasket Co., Camden 1, N. J 


TAPES, MEASURING 
Keuffei & Esser Co., Hoboken, N. J. 


TELEPHONES 


Crouse-Hinds Co., Syracuse 1, N. Y. 

Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 38, Ill. 

National Pneumatic Co., Inc., Holtzer 
Cabot Div., 125 Amory, Boston 19, Mass 

Stromberg-Carison, A Div. of Genera! 
a ., 117 Carlson Rd., Roch 
ester 3, 4 

Vietory Ensincering Corp., 109 Springfielé 
Rd., Union, N. 

TEMPERATURE CONTROLS. See Con 

trols, Pressure and Temperature; Relays 
Switches; Thermometers; Thermostats 
TERMINAL BLOCKS. See Strips. 


TERMINALS. See Lugs and Terminals 
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and LS-8. 


Here’s a reliable family of coil forms 
ready to meet your specifications. 
These Perma-Torqg Tensioning Devices 
on CTC coil forms allow locking of tun- 
ing cores while still tunable — and you 
-— depend upon them to do their job 
well. 

This built-in dependability is a result 
of CTC’s unique design plus quality 
control — that meets or betters gov- 
ernment specifications. 

Perma-Torq is a compression spring 
of heat treated beryllium copper, that 
has a very high resistance to fatigue and 
keeps coils tuned as set — even under 
extreme vibration and shock. The de- 
vice also allows for immediate readjust- 
ment — without removal or loosening 
of any mounting nut or locking spring. 

Quality control and features like the 
above are just two of the reasons why 
CTC can offer you guaranteed standard 
or custom electronic components — 
whose performance you can rely upon. 

CTC researchers and practical ex- 
perts are always available to help you 
solve your component problems. For 





CTC coil forms with Perma-Torq* Tensioning Device are designated PLST, PLS-6, PLS-5, PLS-7, PLS-8 and are 
factory assembled to mounting studs. The units are completely interchangeable with CTC’s LST, LS-5, LS-6, LS-7 


Reliability is their family resemblance 


all specifications and prices, write 
Cambridge Thermionic Corporation, 
453 Concord Ave., Cambridge 38, Mass. 
West Coast stocks maintained by E. V. 
Roberts and Associates, Inc., 5068 
West Washington Blvd., Los Angeles 
16, and 61 Renato Court, Redwood 
City, California. 


CTC miniature shielded coil forms are rugged and 
perfect for ‘‘tight spots.’’ The LS-9 is ’(4.6” diam- 
eter 4" high. LS-10 is 54" diameter x !%." high. 
The LS-11 is %«" x 17/22. The LS-14 is double 
ended and is 4%" OD, 1 and %,4" overall in length. 
All are highly shock resistant with mechanically 
enclosed protected coil windings. The units are 
ideal for use with IF strips or as RF coils, oscilla- 
tor coils, etc. Available as coil form assemblies or 
wound to your specifications. 


*Patent pending. 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components 
custom or standard 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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LARGE SILVER CONTACTS 


CONTACTS 
Single-ond-double pole 
Single-and-double throw 
Aux. DT contacts available 





YOU'LL 
aU 


> If you are looking for new ways and means to im- 
prove your product, and save money too, here’s an idea 
source guaranteed to spark your imagination and give 
you a wealth of hints, tips, and suggestions. 

This 20-page fact-filled STAR catalog contains com- 
plete descriptive and engineering data on the full line 
of STaR Ceramics. A big selection chart, complete with 
mechanical and electrical properties, makes the job of 
selecting the right STAR material for your product a 
cinch. Like a free copy? Write today for Catalog 57. 


, JSTA rR porcelain company 


41 Muirhead Avenue, Trenton 9, N.J. 


California Representatives 


So. Calif.: Edwin E. Starr, 4101 Rhodes Ave., N. Hollywood, Calif. STanley 7-5879. 
No. Calif.: Thermo Materials, Inc., 44 Encino Ave., Palo Alto, Calif. DAvenport 6-2780. 


GENERAL 
PURPOSE 
RELAY 


(SERIES 130 RELAY) 


.-.the most useful relay 
for industrial application 


LARGE 
BINDING-HEAD SCREWS 
for No. 12 Wire or Lugs 


MOULDED BAKELITE 
contect support 


MULTI-POSITION 
REMOVABLE 
MOUNTING BASE 


self-cleaning 


Le) OTHER RELAY IS SO VERSATILE 


PRECIP CA TIONS 

RATINGS COILS MOUNTING BASE 
20 omp. at 115 V AC& DC te 230V Metal strap or bokelite. 
60Cy.ACor24VDC (Interchangeable) inaeumnmnan 2 
U.L. Approved Power—2 watts for mounting convenience. 
DIMENSIONS Bose—1" x 3” 
Request complete data on Series 130 Relay. 


Wheeloc 
omen 8" 





W/L 














TEST EQUIPMENT, HUMIDITY- 
TEMPERATURE 


American Instrument Co., Inc., 


Silver 
Spring, Md. 


TESTING CHAMBERS. See Chambers 
Test. 


TESTING INSTRUMENTS. See Instru 
ments. Also Tools, Portable. 


THERMAL SWITCHES. See Switches 


THERMISTORS 
General Electric Co., Metallurgical Proo 
11131 BE. 8 Mile Ave., 


Thermii me tee at America, Guiton Ip 
8 . 
dustries, a 212 ADurhara Ave., Me 


tuchen, 
Victory Corp., 108 Springfielc 


Rd, Union, N. 


THERMOCOUPLES 
ed Products, Inc., Chesterland 14 


oe & Co., Inc., 118 Astor, Newark 5, 


Bristol Co., Waterbury 20, Conn. 
General Electric Co., Apparatus Sales Div 
Schenectady 5, 


Rockbestos Products dam.. New Haven 4 
Thermo omse Co., Rochelle Park Pow 


Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 30, Pa. 

Weston Electrical Instrument .» A sub 

nghuyser 


of Daystrom, Inc., 614 
Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colmar 
Co., 1403 Rock, Rockford, Ill. 

THERMOMETERS 

saa Products, Inc., Chesterland 14 

io 

Bristol Co., Waterbury 20, Conn. 
McGraw-Edison Co., Instrument Div., 
Dept. 58, West Orange, N. J. 


Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuyser 


Ave., Newark 5, N. J. 
Wheelco Instruments Div., Barber-Colmas 


Co., 1403 Rock, Rockford, Ill 
THERMOPLASTIC WIRE. See Wire ane 
Cable, Insulated. 


THERMOSTATIC BIMETALS 
Sober & Co., Inc., 113 Astor, Newark & 


Brainin Cy, S S., 318 Washington, Mt 


Vernon 

Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn. 

Chace se WwW. M., 1608 Beard Ave. 


Detroit 9, Mich 
General Plate Div., Metals and Controls 
Corp., 1903 Forest, Attleboro, Mass. 


Wilson Co.. H. A., Route 22, Union, N. J 


THERMOSTATS 


spe Mamtuentng Co., Columbus 16 

Barber-Colman Co., Dept. O, 1803 Rock, 
Rockford, IIL. 

Bristol Co., Waterbury 20, 


Conn. 

Curtiss-Wright Corp., Carlstadt, N. J. 

Dales Co., Franklin, 180-184 E. Mill. 
Akron 8, Ohio 

Fenwal Inc., 13 Pleasant Ashland, Mass. 

G-V Controls, Inc., 8 Hollywood Pilazs, 
East Orange, N. 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. i 

General Thermostat Corp., 10 Albany Ave., 
Bartlett, N. H. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

McGraw-Edison o., Instrument Div., 
Dept. 53, West Orange, N. 

Mechanical Industries Production Co., 211 
Ash, Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, IL 

Robertshaw Thermostat Div., Robertshaw- 
Fulton Controls Co., Youngwood, Pa. 

Spencer Thermostat Div.. Metals & Con- 
trols Corp., 3603 Forest Attleboro, 

ass, 

Stevens Mfg. Co., Inc., Lexington and 
Mansfield. Ohio 

Still-Man Manufacturing Corp.. 429-33 E. 
164th, New York 56, N. Y. 

Torq Engineered Products, Inc., Bedford, 


Ohio 
4 >. George, 413 Market, 


Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 1 Liberty Ave., 
Pittsburgh 30, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 

Wiegand Co., Edwin L., 7530 Thomas 


Pa. 
1001 Newark Ave., 


Newark 


Wilcolator Co., Eliza- 
beth, N. J. 

TIMERS, MOTOR 

AEMCO. Inc., 50 State, Mankato. Minn. 

Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4, Wis. 

Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc.. 5234 Pulaski 
Ave., Philadelphia 44, Pa 

Bristol Co., Waterbury 20, Conn. 

Bristol Motor Div., Vocaline Co. of Amer- 
ica, Inc., Old Saybrook, Conn. 

Cramer Controls Corp., Box 8, Center- 
brook, Conn. 


Controls Co. of America, Soreng Div 
9551 Soreng Ave., Schiller Park, IU. 
Eagle Signal Corp., 202 20th, Moline 1, Ill. 
General oer Co., ‘goumes Sales Div., 


Schenectady 5 ee 
Haydon Co., A. W., 234 N. Elm, Water- 


Industrial Timer Corp., 1411 McCarter 
Highway, Newark 4, J. 

Mercoid Corp., 4261 ‘Belmont Ave., Chi- 
cago 41, Ill. 

Miller-Harris Instrument Co., 1350 N. 

lwaukee 


Jackson, . 5. 

= Sales, pane P.O. Box 186B, West 

a ye . Se. , 4041 N. Richards, Milwau- 
ee 12, 

Stromberg-Carison, A Div. of General 
Dynamics Corp., 117 Carlson Rd., Roch- 
ester 3, N. Y. 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 


Pittsburgh 30, Pa. 
Zenith an ‘Co., 152 W. Walton, Chi- 


cago 10 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Ordnance Div., 
Elgin, Il. 


TIME SWITCHES. See Switches. 


TOOLS, PORTABLE 


Barber-Colman Co., Dept. O, 1803 Rock, 
Rockford, Ill. (Hardness Testing) 
Master Appliance Mfg. Co., naeee 2, Wis. 


ayeren & Son, Inc., Joseph T., Chicago 

80, Ill. 

Scruggs Co., paws. 1022-32 N. Sixth, St. 
Louis 1, 

Syntron Co., Homer City, Pa. 

Thomas & Betts Co., Inc., 28 Butler, 


Elizabeth 1, N. J. (Terminal Tools) 

United States Steel Supply Div., United 
States Steel Corp., 208 8S. La Salle, 
Chicago 4, IIL 


TRACING CLOTH, FILM and PAPER 


Clearprint Paper Co., 1482 67th, Emery- 
ville. Calif 

Eastman Kodak Co., Rochester 4, N. Y. 

Keuffel & Fsser Co., Hoboken. N. J. 

Ozalid, A Diy. of General Aniline & Film 
Corp., Johnson City, N. Y. 


TRANSDUCERS, PRESSURE 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc. 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill. 


TRANSFER SWITCHES. See Switches. 


TRANSFORMER HOUSINGS. See Cabi- 
nets, Sheet Metal. 


TRANSFORMERS, ELECTRONIC 


Acme Electric Co., Cuba, N. Y 
gy Electronics & Transformer 
Corp.. Dept. EM-11, Caledonia, N. 
Chicago Stemiard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Til. 


Comar Electric Co., 3349 W. Addison, 
Chicago 18, IL 
Dano Electric Go., 93 Main, Winsted, 


n. 

Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14, Ill. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton. N. J 

General Transformer Corp., 18240 Harwood 
Ave., Homewood, Il. 

Nothelfer Winding Laboratories, P. O. 
Box 455, Dept. 101, Trenton, N. J. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Sola "Electric Co., 4633 W. 16th, Chicago 

Standard Electrical Products Co., 2240 
E. Third, Dayton 3, Ohio 

Texas Instruments Incorporated. 6000 Lem- 
mon Ave., Dallas 9, Texas 


United Transformer Co., 150 Varick, New 
York 13, N. Y. 


TaAmereamens, FLUORESCENT 
—- See Fluorescent Lamp Aurx- 
aries 


TRANSFORMERS, INSTRUMENT 
CURRENT 


Acme Electric Corp., Cubs, N. Y. 
Allis-Chalmers, Milwaukee 1, Wis. 
Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Ill. 
Comar Electric Co., 8349 W. Addison, 
Chicago 18, IIL 
Winsted, 


Dano Electric Co., 93 Main, 
Conn. 
1901 Clybourn Ave., 


Electran Mfg. Co., 
Chicago 14, Ill. 

Federal Telephone and Radio Co.. Div. of 
International Telephone and Telegraph 
Corp., 100 ae Rd., Clifton, N. J 

Genera! Ei e Se. - Apparatus Sales Div.. 


Seeorent 
18240 Harwood 


General at Corp., 
Ave., Homewood, Ill. 
aut Co., 4633 W. 16th, Chicago 
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High"IR’Cold-punching Lai 
INSUROK’ XT-896 


by Richardson 





Here’s an all-new Richardson product... that will cut your pra 
duction costs in mechanical assembly and printed circuitry! 

New Insurok XT-896 punches sharp and clean at average room 
temperatures. It is ideal for precision-punching of mechanical and elec- 
trical parts since it’s not subject to dimensional changes that occur in 
materials which must be heated before processing. 

This XXXP laminate has low moisture absorption, low dielectric 
loss and excellent insulation resistance. In copper clad form it maintains 
its bond strength throughout heat cycling and has good blister resistance. 

For increased production of automatic assemblies... for greater 
precision in printed circuits...specify Insurok XT-896. Call on 
Richardson engineers to assist you in the application of NEMA, copper 
clad and special grades to meet your product requirements. A note on 
your letterhead to Dept. 18 will bring data and samples by return mail. 
Better still—phone today. Chicago telephone: MAnsfield 6-8900. 








RICHARDSON 
PLASTICS 
LAMINATED and MOLDED 


The RICHARDSON COMPANY 


Founded 1858 
2799 LAKE STREET * MELROSE PARK, ILLINOIS 
SALES OFFICES IN PRINCIPAL CITIES 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








Standard Units: Range 
from milliampere to 
1000 KW., fan or nor- 
mal convection cooled. 
Special units built to 


any specification. 


Advantages: Economical, quiet, com- 
pact, highly efficient. Removable 


panels for easy inspection and 


service. Circuit breaker and thermo- 
static switch protection on fan cooled models. 


RECTIFIER 
SPECIALISTS 


C7 
142m Ao 


D.C. 
Pye 2 
cs 


Accessories: Available with voltmeters, am- 


meters, manual and automatic variable voltage 


controls, tap switches, pilot lights, remote 
starting, audible and visible alarms, etc. 















408 


26 WEST 


See why 


CONTINENTAL FELT 
fills hundreds 
of jobs daily 


CONTINENTAL FELT COMPANY, 


1 Seb 





Send for informative 
Technical Bulletin 


Sila al 


ST: 


ra 


af 













Selenium » Germa 
Silicon * Tube 


ESTABLISHED 1915 
11A SOUTH JEFFERSON STREET « CHICAGO 6, ILLINOIS 


aida) 


§ and APPLICATIONS 
USA 


“made to S.A.E. and 
Federal Govt. Specifications 


SEE HOW 


FITS IN 
WITH YOUR 
PRODUCTS 


Ask for booklet 


ii 
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Westinghouse Piectrie Corp., Gateway 
ter, Bldg. No. 3, 40: Liberty Ave., 
Pittsburgh 30, Pa. 

Weston Electrical petownest Oe A sub. 


of Daystrom, - elinghuysen 
Ave., Newark 5, N. J. 


TRANSFORMERS, POWER CIRCUIT 
Acme Electric Co., Cuba, N. Y. 


Allis-Chalmers, Milwaukee 1, Wis. 
Chicago Standard Transformer -» Ad- 
dison & Elston Ave., Chicago 18, Ill. 
Comar Electric Co., 3349 W. Addison. 

Chicago 18, TL 

Dano Electric Co., 93 Main, Winsted. 
Conn. 

Dormeyer Industries, 3414 Milwaukee Ave., 
Chicago, Ill. 

Electran Mfg. Co., 1901 Clybourn Ave 


General Electric Co., Apparatus Sales Div 


Schenectady 5, } 

General Transformer Corp., 18240 Harwood 
Ave., Homewood, Il. 

~— Duty Electric Co., Milwaukee 1 


is. 
Nothelfer Winding Laboratories, P. O. Box 
455, Dept. 101, Trenton N. 
Radio Corp. of America, Tube Div., Har 


rison, N. J. 

-_ Electric Co., 4633 W. 16th, Chicago 

Standard pRostetond Products Co., 2240 E. 
Third, Dayton 3, Ohio 

Ther Electric & Machine Works, 114 
S. Jefferson, Chicago 6, Ill. 

United Transformer Co., 15@ Varick, New 
York 13, N. Y. 

Electric Comp. 6454 Plymouth 

Ave., St. Louis 14, 


Wagner 

Westinghouse Electric Corp. Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


TaAnerogmens. VARIABLE 
VOLTAGE 


Acme Electric Corp., Cuba, N. Y. 

Electric Co., 3349 W. Addison 
Chicago 18, Ill. 

Electran Mfg. Co., 1901 Clybourn Ave 
Chicago 14, Ill. 


Hevi Duty Electric Co., Milwaukee 1, Wis 

Radio Corp. of America, Tube Div., Har 
rison, N. J 

Standard Electrical Products Co., 2240 BE. 
Third, Dayton 3, Ohio 

Superior Electric Co., 803 Middle, 
onn. 


Bristol 


TRANSMISSIONS and PULLEYS, 
VARIABLE SPEED 

Lovejoy Flexible Coupling Co., 
Lake, Chicago 44, Il. 


4802 W. 


TRANSISTORS and CRYSTAL DIODES 


Clevite Transistor Products, 241 Crescent, 
Waltham 54, Mass. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd.. Clifton, N. J 

General Electric Co., Electronics Div 
Electronics Park. Syracuse 1, N. 

International Rectifier Corp., 1521 E. 
Grand Ave.. El Segundo, Calif. 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

Hughes Products. Semiconductors, Div. of 
Hughes Aireraft Co., International Air- 


port Sta.. Los Angeles 45. 

Radio Corp. of America, Tube Div., Har 
tison. N. 7 

Sylvania Electric Products Inc., 1740 
Broadway, New York 19, N. Y. 

Texes Instruments Incorporated, 6000 Lem 


mon Ave., Dallas 9, Texas 
om Electronic Corp., Melrose 76 
ase 
Westinghouse Electric Corp., Gateway Cen- 


ter, Bldg. No. 8, 401 Liberty Ave.. 
Pittsburgh 22, Pa. 
TUBE PARTS (Electronic). See Elec- 


tronic Tube Components. 


TUBES, CATHODE RAY 


Du_ Mont Laboratories. Inc., Allen B., 760 

Bloomfield Ave.. Clifton. N. J 

General Elec rte Co., Tube Dept., Schenec- 
tady 5. N. 

om On Corp. of ‘America, Tube Div., Har- 
rison, N. 

Waterman Products Co., Ine., 2445-8#* 
Emerald, Philadelphia 25, Pa. 


TUBES, ELECTRON (Industrial) 


Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y¥ 

Du Mont Laboratories, Inc., Allen B., 760 
Bloomfield Ave.. Clifton, N. J. 

Fitell-McCullough. Inc.. San Bruno, Calif. 

a, Ine., 137 Sussex Ave., Newark 


Federal Telephone and Radio Co.. Div. of 
International Telephone and Telegraph 
Corp., 190 Kingsland Rd.. Clifton, N. J 

General Electric Co., Tube Dept., Sehenec- 
tady 5, N. Y. 

Hughes Products. Electron Tube, Div. of 
Hughes Aircraft Co.. International Air- 


port Sta.. Los Angeles 45. Calif. 
Radio Corp. of America, Tube Div., Har- 
rison, N. J. 
Sylvania Electric Products Ine., 1740 
Broadway, New York 19, N. Y. 


Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 8, 401 Liberty Ave. 
Pittsburgh 30, Pa. 


TUBES, 
Glass, 


METALLIZED GLASS. See 
Technical. 


TUBES, EROTOEN EET ass. See Photo- 
electric Cells and Tubes. 


TUBES, THERMOCOUPLE 


Bristol Co., Waterbury 20, Conn. 
Kanthal Corp., 3 Amelia Place, Stamford. 


Teswme, ALUMINUM 
uminum. 


TUBING, BRASS, BRONZE and COP- 
PER. See Brass, Bronze and Copper. 


TUBING, FIBRE. See Fibre 


TUBING, LAMINATED METAL. See 
Laminated Metals, Precious and Base. 


TUBING, MICA. See Mica. 


renene. NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy. 


TUBING, PAPER 


Cleveland Container Ce., anne Barberton 


Ave., Cleveland 2, 
Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 18, 
Paramount Paper Tube Corp., 612 Lafay- 
ette, Ft. Wayne 2, Ind 
Precison Paper Tube Co., 2035 W. 


Charleston, Chicago 47, IL 


TUBING, SILVER. See Silver and Silver 
Alloys. 


UBING and SLEEVING, BRAIDED 
TU BRIC (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetie resin.) 

Bently, Harris Mfg. Co., 1203 Barclay, 
Conshohocken, Pa. 

Brand & Co., Inc., William, Willimantic, 


Conn. 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, IIL 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving- 
ton 11. N. J. 

L.O.F. Glass Fibers Co., 1801 Madison 
Ave., Toledo 1, Ohio 

Natvar Corp... 207 Randolph Ave., Wood- 
bridge, N. x 

Owens-Corning Fiberglas Corp., 598 Madi- 
son Ave., New York 22, N. ¥. 

Resin Industries, Inc., A Sub. of The 
den Co., Santa Barbara, Calif. 
Varfiex Corp., 504 W. Court, Rome, N. Y. 
Westinghouse Electric Corp., Gateway Cen- 


ter, Bidg. No. 38, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 


Brand & Co., Inc., William, Willimantic, 
General Electric Co., Plastics Dept., 
Decatur, Ill. 


Insulation Manufacturers Corp., 565 
Washington Blvd, Chicago 6, IIL 

Irvington Div., Minnesota Mining & Man- 
aT Co., 9 Argyle Terrace, Irving- 

National Vulcanized Fibre Co., Wilming- 
ton 99, D 

Natvar Corp., 207 Randolph Ave, Wood- 
bridge, N. J. 

New Jersey Wood Finishing Co., Electrical 


Insulation Bept., Woodbri N. 2. 
Phalo Plastics ° ercial & 
ter, Worcester 
Resin Industries, Inc., A Sub. of The 
Co., Santa Barbara, Ca! 
Rogan Brothers, 8027 N. Monticello Ave., 
Skokie, Il. 
U. 8. Gasket Co., Genee 2. N. J. 


Varflex Corp., 504 W . Court, Rome, N. Y. 


TUBING STEEL. oe Steel, 


Commercia! 
Forms and Grades. 


TUNGSTEN. See also Contacts. 
rene pictetarstent Corp., North Chi- 


Mallory & Co., Inc., P. B., Indianapolis 


UNDERCUTTERS, MICA. See Mica 
Undercutters. 

UNIVERSAL JOINTS 

Lapetes Flexible Poypline Co., 4802 W. 


Lake, Chicago 44, Ill 


VACUUM TUBES. See Tubes, Cathode 
Ray; Tubes, Electron. 


VALVES, MANUAL and MECHANICAL 


Ross Operating Valve Co., 183 E. Golden 
Gate Ave., Detroit 8, Mich. 


VALVES. MOTORIZED or SOLENOID 
OPERATED 


Automatic Switch Co., 398 Lakeside Ave., 
Orange, N. J. 

Automatic Temperature Control Co., Sub. 
of Safety Industries. Inc.. 5234 Pulaski 


Ave.. Philadelphia 44, Pa. 
Barber-Colman Co., Dept. ©, 1803 Rock, 
Rockford, IIL 
Bristol Co., 


Waterbury 20, Conn. 
Controls Co., of Am 


ca, Soreng Div., 
9551 Soreng Ave.. Schiller Park Ti. 


General Electric Co., Apparatus Sales 
Div., Schenectady 5. N. Y. 
McQuay-Norris Manufacturing Co., 2322 


Marconi, St. Louis 10, Mo. 
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One of the most unusual characteristics of unique 
Mallory Mercury Batteries is that they stay at 
constant output throughout their long life . . . instead 
of gradually losing power like conventional batteries. 


This characteristic is especially important in tran- 
sistor circuits, which require a constant energy source. 
In instrument circuits and bias cell applications, 
the constant voltage output of Mallory Mercury 
Batteries protects accuracy and serves as a reliable 
secondary voltage standard. 


Pioneered and refined by Mallory during many 
years of leadership in battery progress, the mercury 
battery has made available to designers a portable 
energy source with qualities never before approached. 
Its high energy in small volume permits miniaturizing 


Parts distributors in all major cities stock Mallory 
standard components for your convenience. 


Serving Industry with These Products: 







Po 














equipment to new standards of compact size . . . for 
portable radios, portable instruments, military elec- 
tronic equipment. Its extremely long life . . . several 
times that of conventional batteries . . . multiplies 
reliability of equipment, reduces frequency of battery 
changes, increases consumer acceptance. Its ability 
to withstand high temperature and humidity extends 
the field of application of self-powered equipment. 
And its low cost per hour of service makes new 
battery-operated products economically attractive. 


Write to Mallory today for technical data on the 
complete line of voltage and milliampere-hour ratings 
available, and for a consultation with a Mallory 
battery specialist. 


Expect more...get more from 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 


MALLORY | 


Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Special Metals * Welding Materials 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








MUL KtSy 


ofall xylos, 


for high heat or 
other severe 
conditions 


for maximum economy 
in average conditions 


Ra 


Light weight, strong, chemically resistant. 
No short circuits, no grounds, no 
corrosion, no rust. Only one fastener needed 
Sizes to 14 inches. Write for free 

samples and price sheet. 


WECKESSER COMPANY 


5711 Northwest Hwy. Chicago 30, Illinois 


OPHAR 


___.WAXES 
~~ COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 


components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at —76°F. 


Let us help you with your engineering 
problems. 


For immediate service contact: 
E. Mayer, Sales Manager 
A. Saunders, Technical Director 
H. Saunders, Chemical Laboratorie. 


Phone SOuth 8-0907 


) ZOPHAR MILLS, inc. 
\ 112-130 26th Street, 
Brooklyn 32, N. Y. 
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| du Pont de Nemours & Co., 








Mercoid Corp., 4201 Belmont Ave., Chi 
cago 41, Tl. 


Ross Operating Valve Co., 188 EB Golde 
Gate Ave, Detroit 3, Mick. 


Valvair Corp., 454 Morgan, Akron 11, my 
Westinghouse Electric , Gateway Cen 
ter, Bldg. Ne. 3, 401. * Liberty Ave. 
Pittsburgh 30, Pa. 


VARNISHED FABRICS. See Fabrice 
Insulating. 


VARNISHES, ceurecnss and 
RESINS, INSULAT 


Acme Wire Co., 1255 ool Ave., New 
Haven 14, Conn. 


Bakelite Co, A Div. of Unien Car- 
bide & Carbon Corp., 420 Lexington 
Ave., New York 17, N. Y. 


Borthig Co., Inc., George C., Drawer 115. 
Rutherford 6, J. 
Brand & Co., Inc., Wilitem, Willimantic, 


OCenn. 

Celanese Corp., of America, 290 Ferry, 
Newark 5, N. J. 

or Co. - 627 Greenwich, New York 

Dow Corning Corp., Midland, Mich 
(Silicone) 


(Ine), & 


Plastics Div., Polychemicals S- 
Wilmington 98, Del. 

Durez Plastics Div.. Hooker Electro- 
chemical Co. Walck Road, North 


1303 

Tonawanda, N. Y. 

General Electric Co., fomtnsted Products 
Dept., Coshoslon, 

Insulation Menufecturers. Corp., 565 W 
Washington Bivd., Chicago 6, IIL 

Irvington Div., Minnesota Mining & Man- 
a Co., 9 Argyle Terrace, Irving- 
ton 

Mica aa Co. 


Sub. of Minnesota 


Mining & Manufacturing Co., Schenec- 
tady 1, N. Y. 

Minnesota Mining & Mfg. Co., Eletrica) 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 

Oronite Chemical Co., 200 Bush, Sap 
Francisco 4, Calif. 

Resin Industries, Inc., A Sub. of The 
Borden Co., Santa Barbara, Calif. 
Gnwenety Varnish Co., Inc., Schenectady 
Sherwin-Williams Co., General Industria) 


Div., Cleveland 1, Ohio 
Union Carbide & Carbon Corp., Silicones 
Div., = Lextington Ave., New York 


17, N. 

Westinghouse Electric Corp., 
ter, Bldg. No. 3, 
Pittsburgh 30, P: 

Zophar Mills, Inc., 
$2, N. Y. 


teway Cen- 
401 new Ave. 


a. 
112-130 26th, Brooklyn 


VARNISHES, FINISHING, See Lacquers 
ae, Paints and Varnishes, Finisb- 
£. 


VARNISHES, INSULATING. See Var 
nishes, Compounds and Resins. 


V-BELTS. See Drives, Belt. 


VIBRATION TEST MACHINES 


General Electric Co., Ages Sales Div 
Schenectady 5, N. 

Westinghouse Electric x. Gateway Cen 
ter, Bldg. No. 8, 401 Liberty Ave. 
Pittsburgh 36, Pa. 


VIBRATORS 


Aerovor Corp.. New Bedford, 


big Mass. 
American Television & 


Radio Co., & 


Paul 1, Minn. 

Bristol Co., Waterbury 20. Cenn. 

2 © Co., Inc, P. B., Indianapolis 

Oak Mfg. Co., 1258 Clybourn Ave.. Chi- 
eago 10, IL 

WAXES and COMPOUNDS 

Bakelite Co., A Div. of Union Carbide 
& Carbon Corp.. 420 Lexington Ave. 
New York 17. Be 4 

Biwax Corp.. 3443 Howard. Skokie, 

Dow Corning ae Midland, Mich. 

General Electric Co.. Laminated and In- 


sulating Products Dept.. Coshocton, Ohie 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufscturing Co., Schenec- 
tady 1, N. Y. 

Minnesota Mining & Mfg. Co., Electrica! 
Products Div., 900 Fauquier Ave, St 
Paul 6, Minn. 

Pyroxylin Products, Inc., Chicago 32, Ill. 

— Inc., 112-180 26th, Brooklys 


WEDGES and PEGS. ARMATURE 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd.. Chicago 6 TIL 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 


WELDING EQUIPMENT 

General Electric Co., Apparatus Sales 
Div., Schenectady 5. N. Y. (Arc) 
Revere Copper 4 Brass Inc., 280 Park 
Ave., New York 17. N. Y. 

Unitek Corp., 38 Halstead Ave., 
dena 8, Calif. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


WELD NUTS. See Fasteners. 


WHEELS, BLOWER 

Master Appliance Mfg. Co., Racine 2, Wis 

Torrington Manufacturing Co., Torrington, 
Conn. 


Pasa- 





weneene MACHINES. See Coil Wina- 
ing Machines. 


WIRE and CABLE, BARE 


Alloy Metal Wire Div., H. K. Porter 
Co., Inc., Prospect Park, Pa. 
20, Conn. 


American Brass Co., Waterb 
American Steel & Wire Div. 8. Steel 
Corp., Rockefeller Bldg., “Cleveland 15, 


Ohio 

anecende Wire and Cable Co., 25 Broad- 
way, New York 4, N. Y. 

Cages Seem & Copper Co., Waterbury 28, 


= 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. ¥. 

Essex Wire Corp., Magnet Wire Div., Fort 
Wayne 6, Ind. 

General Cable Corp., * Lexington Ave., 
New York 17, N. 

General Electric Co., * Construction Mate- 
rials Div., Bridgeport 2 Conn. 

Page Steel & Wire Div., ‘American Chain 
& Cable Co., Monessen, Pa. — 

Steel, Armature Bs 

Copper Products Corp. 


Corp., John A., Sub. of 
Colorado Fuel & Iron Corp., Trenton 


2, N. J. 
Rome Cable Corp., 


Roebling’s Sons 


N. Y. 
— & Son, Inc., 7. T, Chicago 80, 
1 
Sylvania Electric Products Ine., 1740 
Broadway, New York 19, N. Y. 

WIRE and CABLE, INSULATED 
Asbestos (A) 
Rub! (B) 
Varnished Fabric (Cc) 
Thermoplastic (T) 
Coaxial Cable (xX) 

Alden Products Co., 117 N. Main, Brock- 


ton 64, Mass. (C) 
American Steel & Wire Div., U. 8S. Steel 
on’ Rockefeller Bidg., Cleveland 15, 


Amphenol Electronic Corp., 1830 8. 54th 
Ave., Chicago 54, Ill (Xx) 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, N (ABCTX) 

Belden Mfg. Co., 3 W. Van Buren, 
Chicago 44, Ill. (ABTX) 
and & Inc., William, Willimantic, 
Conn. (TX) 

Chase Brass & Copper Co., Waterpury 20, 

n. (BCX) 

— Wire Corp., Wallingford, 
Conn. (ATX) 

Cornish Wire Co., i 50 Church, New 
York 7, N. Y. (B 


Pawtucket, 
Magnet Wire Div., 


oe Co., Carol Cable Div., 


Essex Wire Corp., 
Fort Wayne 6, Ind. 
Federal Telephone and Radio Co., Div. of 
Sacra Telephone and Selegregh 
, 100 Kingsland Rd., Clifton, N. J 


eum Cable Corp., 420 Lexington Ave., 
New York 17, N. Y. 

General Electric Co., Construction Mate- 
rials Div., a 2, Conn., (ABCX) 

Gulton Gulton Industries, 
Ine., 212 burton “Ave., Metuchen, N. J. 

Hitemp Wires, Inc... 26 Windsor Ave., 
Mineola, N.Y. (T) 

meet. 1826 Fremont, South Pasadena, 


Mutual Electronic Industries Corp., United 
Cable Div., 85 Beechwood Ave, New 
Rochelle, Y. 

= Plastics Corp., Commercial & Fos- 

ter, ae 8, Mass. (TX) 


Phelps-Dodge Copper Products Corp., Fort 
Wayne, Ind. ORRCTX) 

Plastoid Corp., 42-61 24th, Long Island 
City 1, N. 

Rockbestos Products Corp., New Haven 4, 
Conn. __.. 

Roebling’s Sons Corp., John A., Sub. of 
gotereds Fuel & Iron Corp., Trenton 

Rome Cable Corp., Rome. N. Y. 


(Btx) 
aoe Blectric Corp., Pawtucket, R. I. 


(ABT) 
U. 8. Rubber Co., Rockefeller Center, New 
York 20, N. Y. 


WIRE CUTTERS and STRIPPERS. See 
Strippers, Wire. 


wins oyrvine PLIERS and TWIST- 
ERS. Pliers and Cutters, Wire. 


WIRE FORMS. See Springs, Coll and 
Flat; Stampings, Metal. 


WIRE, MAGNET 

Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

=. Wire and Cable Co., 25 Broad- 


New York 4, N. 

Belden Mfg. Co. 4633 W. Van Buren. 
Chicago 44, Tl. 

Cages Rrass & Copper Co., Waterbury 20, 
‘onn. 

Electric Auto-Lite Co.. Wire and Cable 
Div., Port Huron, Mich. 

Corp., Magnet Wire Div., 

Fort Wayne 6, Ind. 


General Cable ae 420 Lexington Ave., 
New York 17, a 


General Electric Go. Construction Ma- 
terials Div., Bridgeport 2, Conn. 

Hitemp Wires, Inc., 26 Windsor Ave., 
Mineola, N. Y. 

Phelps-Dodge Copper ucts Cerp., Inca 
Manufacturing Div., Fort Wayne, Ind. 

—- tos Producte Corp., New Haven 4. 
‘onn. 

Roebling’s Sons Corp., John A., Sub. of 

& Iron Corp., ‘Trenton 3. 


Colorado Fuel & 
N. J. 


Rome Cable Corp.. N. Y¥. 
Sprague Electric oo Se 307 Marshall, North 
Adams, Mass, 


MARCH 1957 ELECTRICAL MANUFACTURING 











More than 3500 variations of 275 Stock Mold Parts 
















of thermosetting 


plastics. 





COMPOUNDS 


FOR BLENDING 

to your specifications. Data 
and samples furnished upon 
request. 


BIWAX CORPORATION 


3443 HOWARD ST. 





. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 


engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue 


READER INQUIRY SERVICE CARDS, 


For diversity in standard parts 
materials 
(phenolic and urea) in all grades 
of heat and impact resistance, 
leading manufacturers in every 
phase of business rely on Harry 
Davies Molding Company to 
provide the most economical, 
varied, and distinctive designs 


in compression molded 





MAKE YOUR PRODUCT 
DISTINCTIVE @z aoe ertf17a cost 


WRITE TODAY! 
New Free Catalog 


Show 


Makers of DAKA-WARE Products 


1428 North Wells Street ° Chicago 10, Illinois 





FOR IMPREGNATING 
coils, wire coverings, paper forms, 
porous ceramics, etc. 


FOR SEALING 
condensers, batteries, exposed ter- | 
minals, etc. 


FOR DIPPING 

electrical component assemblies in- 
cluding corona loss barrier mate- 
ria 


FOR POTTING 

transformers and electrical com- 
ponent assemblies with varying 
degrees of heat conductivity. 


FOR ENCAPSULATING 


| 
coils, electrical component assem- | 


SIMPLEX 


STRIPPERS 


WIRE ano currers 


e Clean Cutting 










¢ Precision Stripping 
e Fast Working 
e Easy Operating 


blies requiring higher thermal and 
moisture resistance. 


SKOKIE, ILLINOIS 





e Low Cost e Rapid Setup 


Our production wire strippers and cutter will strip and cut to length 
all types ot insulated wires including parallel lamp cord and heater 
cord, also cables 1” maximum diameter, in one easy operation. Send 
stample wires and have your stripping problems engineered by Wenco 


ASK FOR YOUR COPY OF NEW BULLETIN 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS © DIES * STAMPINGS © SPADE BOLTS 


19336 WEST HUBBARD STREET, CHICAGO 22, 1LLINO'S 
SR I NTT ET 


Providence 5, Rhode Island 





PRECEDING BACK COVER 411 








ELCO SCREWS ARE GOOD SCREWS 
Ask a man who has used them 





SMALL SCREWS Special equipment and special engi- 


neering and tooling experience enable us to offer a 
broad line of screws of various types in the smallest sizes 
for which dimensions are standardized. These include 
body diameters as small as No. 0 and lengths as short 
as '”. They can be made in any of our standard and 
special materials, and with any of our regular finishes. 
Engineering or design assistance is available whenever 
needed. Stock is carried in many sizes — write for our 
Small Screw Stock List and free samples. Send your 
prints for prompt quotation! 


WOOD SCREWS 
MACHINE SCREWS SCREWS 


MACHINE SCREW PHILLIPS AND SEMS 
NUTS SCREWS 


TAPPING SCREWS PIPE PLUGS 
COLD HEADED PRODUCTS 


ae =I[= 


SCREWS 


THREAD-CUTTING STOVE BOLTS 
CAP SCREWS 
LAG SCREWS 
DRIVE SCREWS 


SPECIAL SCREWS 


WE ALSO SPECIALIZE IN MAKING ANY OF OUR PRODUCTS 
OF THE FOLLOWING MATERIALS 


Stainless Steel Copper Monel 
Bronze Silicon Bronze 
Brass Ambrac 


Aluminum 
Special Analysis 


heii Ya 1a Bee) ite y vale) 


ROCKFORD, ILLINOIS 


1962 BROADWAY * 
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WIRE, MAGNETIC Besoaeins. See WIRING HARNESSES. See Harnes: 
Magnetic Recorder Componen and Assemblies, Wire. a 


WIRE MARKING MACHINES. See Mark- WORK FEEDERS 
ing Machines and Devices. Mead Specialties Co., 4114 N. Kner Ave. 

WIRE, RESISTANCE Det. Bit, Chleage 41, Ti 

Alloy Metal Wire Div., K. Porter Ce.. WORMS and WORM WHEELS. See Gears 
Inc., Prospect Park, Pa and Pinions. 

Bristol Co., Waterbury 20, Conn. 

Driver Co., Wilbur B., 150 Riverside Ave., 
Newark 4, N. J. 

Driver-Harris Co., Harrison, N. J. 


Kanthal Corp., 3 Amelia Place, Stamford. vans BRAIDING and SERVING. See 
ney &.. J. M., P. O. Box 990, Hartford 1. Fabrics, Insulating. 


ZINC 
ey igew Zine Co., 160 Front, New York. 


WRENCHES, SOCKET SCREW. Ses 
Socket Screw Keys and Wrenches. 


WIRE STRIPPERS. See Strippers, Wire 
WIRING DUCTS. See Ducts, Wiring. 









=) eS 






6@cmm Soldecles 


| o— ' Easy to Apply 
t oe No Special Tool Needed 


t— One-Piece Construction 
or ~“ —— elt omen ott 


KRUEGER & HUDEPOHL, INC. 


‘ ht aU Seam ee 


e600) 











BIG THINGS ARE HAPPENING at 
UNIVERSAL YOUR RELAY HEADQUARTERS! 


e NEW NAME 
UNIVERSAL RELAY CORPORATION 
Formerly Universal General Corporation 
e NEW ADDRESS 
42 WHITE STREET, NEW YORK 13, W. Y. 
3 blocks South of former location— 
324 Canal Street 


LARGEST STOCK OF RELAYS IN THE WORLD 
SEND FOR OUR LATEST CIRCULARS 









AWWA er 


A Aaa: | pets CORP. 


Formerly Universal General Corp 


42 WHITE ST, NEW YORK 13, N.Y. + WAlker 5-9642 
ecccce LS  peccce 


INSULATION DEVELOPMENT ENGINEER 


Large, progressive manufacturer of flexible electrical insulation 
and resin treated fabrics and papers, located in Pennsylvania, 
has excellent opportunity for an engineer interested in develop- 
ment and application of insulating materials and systems. 
Assignment involves laboratory, pilot plant, and preliminary 
plant trial runs of new insulation developments, liaison work with 
customers, and cooperation with our Sales Department. 


Development program is backed up by strong fundamental and 
applied research program and facilities. 

Company has hospitalization, group insurance, and pension plan. 
Salary open. Reply by letter, giving details of education, ex- 
perience, and present salary. Replies will be considered confi- 
dential. 


Write Box 111 
ELECTRICAL MANUFACTURING 


1250 Sixth Ave., New York 20, N. Y. 
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RECIPROMOTORS AND SEMOTORS 





AX-426 RECIPROMOTOR 


A Recipromotor is a rectilinear induction motor. A 
Semotor is made up of a Recipromotor acting upon a 
thin disk of copper or aluminum to make it rotate or 
oscillate. Recipromotors may be furnished for practi- 
cally any force and any length of stroke. They are used 
for any operation requiring reciprocating forces of var- 
ious magnitudes. Semotors may be used for operating 
butterfly valves, clutches, indexing tables, and any 
other mechanism requiring simple oscillating motive 
units. Send for Bulletin EE-157 for more explanation. 


We also make many standard lines of solenoids; 
we also make complete replacement lines of solenoids 
to replace General Electric and National Acme lines 
of solenoids; we also make solenoid operated shoe 
brakes for torque capacities ranging from 3 ft-lbs. 
to 24,000 ft-lbs. 

Send for more information. See our catalogs in 
Sweet’s Catalog Service. 


TROMBETTA SOLENOID CORP. 









High-Impact- Strength 


High Temperature 


New PHOENIX “Pemester” 


High performance Phoenix ‘‘Pemester’’ 
Brush Holders and Caps are for motors 
that get the really rugged duty... new 
‘‘Pemester”’ material gives high-impact- 
strength, dimensional stability up to 
400°F.. and molds to close tolerances in 
any quantity... Available only from 
Phoenix in the complete ‘“Customized- 
Standard” line of sizes and types— or 
to your specifications. 


Write for full information contained 
in big, new, easy-to-use Phoenix Cata- 
log 57-E. Your copy free on request. 





329 N. MILWAUKEE ST. « MILWAUKEE, WIS. 


Lefton. 


* dupont trademark 





“ae 


PHOENIX ELECTRIC MANUFACTURING CO. 


4211 West Lake Street Chicago 24, Illinois 





DYKEM 
STEEL BLUE’. 








Popular package is 


8-oz. can fitted with 
Bakelite cap holding 
soft-hair brush for ap- 
plying right at bench: 
metal surface ready for 
layout in a few minutes. 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


Precision Molded, Machined Parts, 
and Film Applications 


Literature sent on request 


0. J. Maigne Co. 


325 Pearl St., New York 38, WOrth 2-1165 


Incorporated in 1904 


ae Blue Write for i 

- yes KES 4 on cunpany itestand 
ws THE DYKEM COMPANY 

DD 2308F North 11th St. © St. Louis 6, Mo. 














for complete 
selection of Basic 
Requirements for your Coil 


MARK WIRES PERMANENTLY! 
Winding needs it’s... 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


Write for complete @ Aluminum, steel, brass, i 


or zinc. 
technical literature @te win, 
phone, motor and gener- FREE SAMPLES AND FOLDER LISTING 
ator manufacture, etc. ALL STYLES AVAILABLE ON REQUEST 


styles, and sizes 
NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport Kentucky 


many 


@ For aircraft, radio, tele- 


IPMENT CO. 


are at 


COIL WINDING EQU 


OYSTER 


Se on ae 











READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 413 














Big 


If your business 


is motors 


you should 
know about 


N-4 


now available in 
NIPPERT 

COMMUTATORS 

and SLIP RINGS 





Greater Performance 


N-4, the new commutator alloy, 
offers this remarkable combina- 
tion of characteristics: 


e High conductivity plus superior 
strength at high temperatures. 


e Freedom from notch sensitivity. 
e Excellent commutation. 


Developed specifically to meet 
today’s exacting requirements for 
high-heat, high-strength applica- 
tions, N-4 is now available in 
Nippert Commutators and Slip 
Rings. Write for complete details 
—at no obligation, of course. 


td a 


Electric Products Co. 
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INDEX TO ADVERTISERS 


To communicate with advertisers either write direct or use postcards furnished 
expressly for that purpose which appear just preceding back cover. 








A'G’A Div., Elastic Stop Nut Corp. of 

America 386 
AMP Incorporated 26, 27 
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Here’s 
why eee 


glass fabric 
ELECTRICAL TAPES 


WILL 
SAVE 
vou 
MONEY 


Hesgon A & B tapes are lower in 
cost than equivalent widths and 
thicknesses of ordinary specifica- 
tion tapes now in use. 


In addition— 


Hesgon is stronger and easier to 
handle. Ask your distributor for 
complete information. 


Atlanta 18, Ga. — Electrical Insulation Suppliers, 
nc., 500 Means St., N.W. Jackson 5-2707 
Chicago 6, III. — Insulation Mfrs. Corp., 565 West 
Washington Bivd. Central 6-7320 
Cleveland 14, Ohio — Insulation Mfrs. Corp., 1231 
Superior Ave., N.E. Superior 1-2310 
Columbus 16, Ohio — National Electric Coil Co. 
Hudson 8-1151 
Dallas, Texas — Summers Electric Company 
401 Continental Ave. Riverside 2-6231 
Dayton, Ohio — Insulation Mfrs. Corp., 120 West 
Second St. Mich. 4515 
Los Angeles 23, Cal. — Western Fibrous Glass Prod- 
ucts Co., 4423 Fruitland Ave. Ludiow 8-3211 
Milwaukee, Wisc. — Insulation Mfrs. Corp. 
312 E. Wisconsin Ave. Broadway 6-5359 
Newark 2, N. J. — Robert McKeown Co., 6 Atlantic 
St. Mitchell 2-7600 
New York 7, N. Y. — Mitchell Rand Insulation Co., 
51 Murray St. Cortiand 7-9264 
Peabody, Mass. — Huse Liberty Mica Co., Lynnfield 


St. Jefferson 1-7100 
Philadelphia 3, Pa.—Earl B. Beach Co., 1609 Vine 
St. Rittenhouse 6-3333 


Pittsburgh, Pa.—Earl B. Beach Company, P.O. Box 
8623 Churchill 2-0400 
St. Louis 10, Mo. — White Supply Co., 4343 Dun- 
can Ave. Franklin 1-2616 


San Francisco, Cal. — Western Fibrous Glass Prod- 
ucts Co., 739 Bryant St. Sutter 1-5967 


Seattle 4, Wash.—Western Fibrous Glass Products 
Co., 1915 First Ave., S. Seneca 7250 


Horace Linton Division 
ESS CWOLOSMITH & COLINC. 
Burlington 
1400 Broapway, New York 18, N. Y. 2 


A MEMBER OF BURLINGTON INOUSTRIES 
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For more than 50 years . . . the best of 


INSULATION SERVICE 


for 
MANUFACTURERS 
of 
e ARMATURES 
e TRANSFORMERS 
e OTHER WOUND 
ELECTRICAL UNITS 





ACME 


... offers you the same insulating varnishes that we have 
used for years in Acme coil windings. These varnishes are 
the result of careful research and actual application by 


Acme engineers and will assure you of highest quality 
insulation. 


ACGME InSuULATING VARNISHES 


THERMOSETTING VARNISHES 


Outstanding advantages: Flexible baking schedules—low viscosity and high solids 
content—low drip coefficient—thorough impregnation with material reduction of 
voids and rapid deep-drying—high dielectric (over 1800 v. per mil)—excellent 
chemical and insulation resistance—unusual bonding strength. 


OXIDIZING BAKING VARNISHES 


Another Acme specialty. Available in clear or black. Make flexible, moisture- 
resistant, outside films of fine insulating quality under elevated temperatures. A 


permanent impregnant for shallow-wound coils. A good outside dip for field and 
controller coils, transformer windings, etc. 


AIR DRYING VARNISHES 


Supplied in clear or black. Coil dipping, masking and adhesive lacquers, spirit var- 
nishes. Some Acme air-drying varnishes when baked will cure in 30 to 60 minutes 
and provide good protection against corrosives, oils, water, and chemicals. 





Acme also offers a complete line of Molding, impregnating, and 
Potting Compounds. Practically 100% solids, thermosetting materials 
designed to eliminate voids, resist moisture and heat and to elimi- 


nate internal corona. Molding, impregnating, or potting can be 
accomplished in one operation. 


Send for the Acme Catalog 


Aeme Wire 


THE ACME WIRE Co. NEW HAVEN, CONN. 





Magnet Wire « Coils * Varnished Insulation « Insulating Varnishes and Compounds 
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Manufacturing 


Reuder 


Electrical 


inquiry 


T. get further information regarding anything 


which has been published in this issue—editorial 
or advertising pages—readers should use the post- 
age-prepaid postcards provided here. 


Suggestions 
For Use of 


To speed up the servicing 
of reader inquiries, two sets 
of postcards are provided 
here. The cards on this page 
are for use in requesting 
data pertaining to the edi- 
torial pages—reprints of 
editorial articles, detailed 
information on new com- 
ponents and materials, also 
manufacturer’s literature as 
reviewed in the editorial 
pages. 


The postcards on follow- 
ing page are for use in re- 
questing further information 
on advertised products or 
services—including techni- 
cal bulletins and other 
printed matter as offered 
in the current advertise- 
ments. 


Readers are requested to 
ask only for data for which 
there is a genuine need, pres- 
ent or potential. Within 48 
hours after receipt, the pub- 
lisher will promptly process 
all cards and will pass along 
a complete record of in- 
quiries to manufacturers. 
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SEC. 34.9, P.L.&R. | 
NEW YORK.N.Y. 
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No Postage Stamp Necessary if Mailed in the United States 





POSTAGE WILL BE PAID BY 


Electrical Manufacturing 
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NEW YORK 20, N. Y. 
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To request information from Editorial pages... 


Circle appropriate numbers on card below to request Editorial 
Reprints, detailed information on New Components or Materials, 
or Manufacturer’s New Literature. Please type or print your name 
and address. For publisher record purposes, also be sure to indicate 
principal product of your plant, division or department. 
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NEW LITERATURE 


121 136 151 166 181 
122 137 152 167 182 
123 138 153 168 183 
124 139 154 169 184 
125 140 155 170 185 
126 141 156 171 186 
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128 143 158 173 188 
129 144 159 174 189 
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133 148 163 178 193 
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201 216 231 
202 217 232 
203 218 233 
204 219 234 
205 220 235 
206 221 236 
207 222 237 
208 223 238 
209 224 239 
210 225 240 
211 226 241 
212 227 242 
213 228 243 
214 229 244 
215 230 245 





} = 


REPRINTS 


201 216 231 
202 217 232 
203 218 233 
204 218 234 
205 220 235 
206 221 236 
207 222 237 
208 223 238 
209 224 239 
210 225 240 
211 226 241 
212 227 242 
218 228 243 
214 228 244 
215 230 245 





Reader inquiry 





Those cords which cre properly and completely filled out os requested will be processed promptly. 


New Components, 
Materials, Equipment 


>>P See page 186 


New or improved end 
product designs often have 
their beginning in new de- 
velopments in components. 
Realizing the importance of 
readers keeping posted on 
all such new components, 
the editors have scanned the 
field, by personal contact 
and by mail, to present only 
that which is new. 


Literature, Printed 
Matter, Catalogs 


>Pre See page 264 


Most usable and valuable 
data presented in interesting 
booklets, guides, catalogs 
and printed pieces. These 
are often illustrated by in- 
terpretive photographs or 
engineering drawings. 

To get data pertinent to 
specific problems, readers 
may circle numbers and re- 
ceive literature for imme- 
diate study and use or for 
the engineering data file. 
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Reprints of 
Editorial Features 


PrP 





See page 284 


Dept. or Div. 


Articles are chosen for re- 
printing if they are espe- 
cially significant or include 
data that lends itself to per- 
manent filing. 

Due to a heavier reader 
demand than can be foreseen 
at time of original order it 
becomes necessary to re- 
print some features several 
times. 

Tear sheets of non-re- 
printed features are avail- 
able in limited number, and 
can be had by letterhead re- 
quest. 


Individual 


Advertised Products 
and Services 


Hundreds of manufactur- 
ers are using the pages of 
ELECTRICAL MANU- 
FACTURING, primarily to 
sell their products and serv- 
ices. 

However, these ads not 
only sell but they inform. 
Often these advertisements 
contain engineering data 
that can be put to practical 
use, or an advertiser may 
indicate he is qualified to 
help solve a_ particular 
problem. 


Dept. or Div. 


Indi 
Title 


Company 


City 


City 


Street 


To request information from Advertising pages . . . 


Write in on card below the names of advertiser companies from 
whom you wish to receive further information on products or 
services advertised on pages you have noted. Please type or print 
your name and address. For publisher record purposes, be sure to 
indicate the principal product of your plant, division or department. 


Those cards which are properly and completely filled out as requested will be processed premptty. 


Principal Product Manufactured 


Principal Product Manufactured 


Cards will be processed by pre vor 
if received by May I, 1957 


Have advertisers indicated send more information 
(Place a check (y) alongside names 
if salesman is to call) 


Advertiser SSO 
Advertiser oo ) xz. 
Advertiser * agen ai 


Advertiser SOCOOOC™~C~CSOTTTT......... 


Advertiser 


Have advertisers indicated send more information 
(Place a check -{¥) alongside nomes 
if salesman is to call) 


Advertiser = = Praga Bis 


Advertiser ape we. 


Advertisers —s—OSOSCSs‘“C(<‘(‘“‘(‘(‘S!TOC~” ~~ rr ir 


Advertisers = ©. J igeii 


Advertiser Page fhe 
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Electrical _ 
Manufacturing 


Inquiry 
Service 


FIRST CLASS 


PERMIT NO. 45 





“Newson | Want More 
BUSINESS REPLY CARD Information? 
Me Postage Stomp Necessary if Mailed in the United States 
USE THESE CARDS 
TO GET... 


POSTAGE WILL BE PAID BY 


e Reprints of 
Feature Editorial 
Articles 


Electrical Manufacturing 


1250 Sixth Avenue 

@ More Detailed 
Information on 
New Components 
and Materials 


NEW YORK 20, N. Y. 


FIRST CLASS 
PERMIT NO. 45 


e Latest Catalogs 
and Bulletins 


SEC. 34.9, P.L.&R. ° More Information 
eee Seauiee-ta:te on any Advertiser’s 
Product or Service 





BUSINESS REPLY CARD 


Ne Postage Stamp Necessary if Mailed in the United States 





POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK 20, N. Y. 
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GIZZARD! 





THERE'S MORE 





TO SKIN A 


Advertiser 


Power Gizzard Skinner Means Better Produc- 
tion for packers! Driven by a Master %4 H.P. 
Double Parallel Gearmotor, output speed 230 R.P.M. 


ANOTHER DRIVE REQUIREMENT MEETS ITS MASTER 


“But my: drive problems are different,” you say, and 
right you undoubtedly are. Far as we know, this 
Master-powered Gizzard Skinner is unique. 

But here’s the point. America’s productive genius 
consists of the ability to analyze a problem, devise a 
system and apply power to it in such a way as to 
produce better results faster at less cost. And that 
problem we bet you've got! 


Let us help! Tell us the problem. From the drives 
listed here—or a combination of the required ones 
in one compact efficient unit—we’'ll deliver the goods! 
That’s just what we’ve done for many, many years, to 


an ever-enlarging cross-section of American industry 
jealous of the performance of their motor equipment. 


Motor Ratings 


Motor Types 


Construction... 


Installation 


Power Drive 
Features..... 


lg to 400 H.P. All phases, 
voltages and frequencies, 


.. squirrel cage, slip ring, syn- 


chronous, repulsion-start 
induction, capacitor, direct 
current. 

Open, enclosed, splash- 
proof, fan-cooled, explosion- 
proof, special purpose. 
Single -speed, multi-speed, 
and variable speed. 
Horizontal and vertical, with 
or without flanges and other 
features. 


..Electrie brakes (2 types) — 


5 types of gear reduction up 
to 432 to 1 ratio. Mechanical 
and electronic variable 
speed units—fluid drives— 
every type of mounting. 


ELECTRIC COMPANY 
Dayton 1, Ohio 





REVERE COPPER EXTRUSION shown 
attached to skirtboard before full 
assembly, which you can see below 
in exploded view. A matching bar, 
similar to the one shown is part of 
the “packaged” HANCO unit and is 
fastened to the opposite side of the 
screen. Units, in turn, are installed on 
the various types of Vibrating Screens 
made by HEWITT-ROBINS INC., 
Passaic, N. J., and are known as the 
HEWITT-ROBINS HANNON Electric 
Screen Heaters. 


“Customers of F. R. Hannon & Sons are now assured of 

many years of maintenance-free performance plus im- 
proved products.” 

Says T. W. HANNON, Vice-President, 

General Manager 

F, R. HANNON & SONS, Canton, Ohio 


Mr. Hannon continued, “For a number of years we 
had experimented with many different types of mate- 
rials which would be non-porous, free from any burrs 
or voids, capable of maintaining a straight leading 
edge and able to carry 1500 amperes at 5 volts. The 
Revere Copper Extrusion meets these requirements. 
And for the rugged use to which our machines are put 
it would be virtually impossible to maintain satisfac- 
tory operating results without the use of this extruded 
electrical conductor.” 

Perhaps there is a Revere Product that can help you 
give your Customers a superior product, or help cut 
your production costs. You'll never know until you 
call the Revere Office nearest you and ask to have a 


T. A. (Technical Advisor) call. Why not make that 
call today? 


CLOSE-UP showing end of the 
Revere Copper Extrusion. 


Revere Copper 
Extruded Shape 


in Hanco Electric Screen Heater 


former copper casting 


on 4 counts 


COPPER EXTRUDED SHAPE COPPER CASTING 


1—12 foot mill lengths offer 1—60” casting required 
flexibility, eliminating both additional welded joints 


welds and scrap 2—Casting gave porosity 


2—Shape offers lack of preeien ‘ 

porosity 3—Bow in casting presented 
difficulty when fastening 
screen firmly to contact 
4—Initial cost was lower, 
but additional welds and 
scrap resulted in higher final 
4—Higher cost per foot, but cost, and an inferior finished 
cheaper over-all installation product 


3—Shape straightness is su- 
perior to casting, giving bet- 
ter electrical contact 


REVERE COPPER AND BRASS 
INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N.Y. 
Mills: Baltimore, Md.; Brooklyn, N. Y.; 
Chicago, Clinton and Joliet, Ill.; Detroit, Mich.; 


Los Angeles and Riverside, Calif.; New Bedford, 
Mass.; Newport, Ark.; Rome, N. Y. 


Sales Offices in Principal Cities, 
Distributors Everywhere. 





